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Zh duh judwhixo wr Plnh Ulrugdq/ Ddurq Vfkl/ Mxoldq Zuljkw dqg wr wkh sduwlflsdqwv ri
wkh LGHL frqihuhqfh rq wkh Hfrqrplfv ri wkh Vriwzduh dqg Lqwhuqhw Lqgxvwulhv +Mdqxdu| 4;053/
5334, iru khosixo uhdfwlrqv rq dq hduolhu gudiw1 Frqfhuqlqj Vfrww Pdufxv/ wkh rslqlrqv h{suhvvhg
gr qrw qhfhvvdulo| uh hfw wkh ylhzv ri wkh IFF/ ru ri dq| ri lwv frpplvvlrqhuv1 Zh dovr wkdqn
wkh hglwru/ Mhqqlihu Uhlqjdqxp/ dqg wzr uhihuhhv iru wkhlu frpphqwv1
|Xqlyhuvlw| ri Wrxorxvh +LGHL/ JUHPDT,1
}Ihghudo Frppxqlfdwlrqv Frpplvvlrq +IFF,/ XVD1
{Xqlyhuvlw| ri Wrxorxvh +LGHL/ JUHPDT,1
~Xqlyhuvlw| ri Wrxorxvh/ FHUDV +Sdulv,/ dqg PLW1
Devwudfw
Wkh sdshu ghyhorsv d iudphzrun iru Lqwhuqhw edfnerqh frpshwlwlrq1 Lq wkh
devhqfh ri gluhfw sd|phqwv ehwzhhq zhevlwhv dqg frqvxphuv/ wkh dffhvv fkdujh
doorfdwhv frppxqlfdwlrq frvwv ehwzhhq zhevlwhv dqg frqvxphuv dqg dhfwv wkh
yroxph ri wud!f1 Wkh sdshu dqdo|}hv wkh lpsdfw ri wkh dffhvv fkdujh rq frpshwl0
wlyh vwudwhjlhv lq dq xquhjxodwhg uhwdlo hqylurqphqw1 Lq d uhpdundeo| eurdg udqjh
ri hqylurqphqwv/ rshudwruv vhw sulfhv iru wkhlu fxvwrphuv dv li wkhlu fxvwrphuv*
wud!f zhuh hqwluho| r0qhw1 Wkh sdshu wkhq frpsduhv wkh vrfldoo| rswlpdo dffhvv
fkdujh zlwk wkh sulydwho| ghvludeoh rqh1 Ilqdoo|/ zkhq zhevlwhv fkdujh plfursd|0
phqwv/ ru zkhq zhevlwhv vhoo jrrgv dqg vhuylfhv/ wkh lpsdfw ri wkh dffhvv fkdujh
rq zhoiduh lv uhgxfhg> lq sduwlfxodu/ wkh dffhvv fkdujh lv qhxwudo lq d udqjh ri
flufxpvwdqfhv1
Nh|zrugv= Lqwhuqhw/ Qhwzrunv/ Lqwhufrqqhfwlrq/ Frpshwlwlrq Srolf|1
MHO qxpehuv= G7/ N54/ O74/76/ O84/ O<91
4 Lqwurgxfwlrq
Orqj dq hpdqdwlrq ri yroxqwdulvw sxeolf srolflhv/ wkh Lqwhuqhw kdv pryhg lq uh0
fhqw |hduv wr d pdunhw sdudgljp1 Zkloh vwloo sduwo| uxq rq wkh edvlv ri ohjdf|
djuhhphqwv/ wkh Lqwhuqhw lqgxvwu| lv dfwlyho| vhdufklqj iru d exvlqhvv prgho wkdw
zloo lqfuhdvh Lqwhuqhw xvdjh dqg zloo idflolwdwh wkh hyroxwlrq wr hqkdqfhg rhu0
lqjv edvhg rq glhuhqwldwhg fodvvhv ri vhuylfhv1 D nh| ihdwxuh ri wkh Lqwhuqhw lv
wkdw hdfk frpsxwhu frqqhfwhg wr lw fdq frppxqlfdwh zlwk hyhu| rwkhu frqqhfwhg
frpsxwhu1 Lq d ghuhjxodwhg hqylurqphqw/ wklv xqlyhuvdo frqqhfwlylw| fdq rqo|
eh dfklhyhg li frpshwlqj frqqhfwlylw| surylghuv frrshudwlyho| uhdfk djuhhphqwv
jryhuqlqj wkh sulfh dqg txdolw| ri wkhlu lqwhufrqqhfwlrq1
Wkh lqwhufrqqhfwlrq fkdujhv/ dovr fdoohg dffhvv fkdujhv/ vhwwohphqwv ru
whuplqdwlrq fkdujhv/ frxog eh ylwdo iru hqdeolqj dq h!flhqw xvh ri wkh Lqwhuqhw1
Lqfhqwlyhv pxvw eh surylghg iru d zlghvsuhdg xvdjh ri edqgzlgwk e| gldo0xs/
eurdgedqg dqg ghglfdwhg dffhvv frqvxphuv/ dqg iru wkh srvwlqj ri frqwhqw e|
wkh zhevlwhv1 Txdolw| ri Vhuylfh +TrV, djuhhphqwv ehwzhhq rshudwruv fdq uhgxfh
ghod|v dqg sdfnhw orvvhv iru pdunhg wud!f dqg wkhuhe| hqdeoh wkh ghyhorsphqw ri
qhz dqg dgydqfhg Lqwhuqhw vhuylfhv vxfk dv LS whohskrq| dqg ylghrfrqihuhqflqj1
Frpshwlwlrq iru hqg xvhuv lv d qhfhvvdu| frqglwlrq iru dq h!flhqw ixqfwlrqlqj ri
wkh lqgxvwu|/ exw lw zloo idoo vkruw ri dffrpsolvklqj hyhq lwv prvw prghvw jrdov lq
wkh devhqfh ri surshu lqwhufrqqhfwlrq djuhhphqwv1
Wkh sxusrvh ri wklv sdshu lv wr ghyhors d iudphzrun iru prgholqj wkh frpshwl0
wlrq dprqj lqwhufrqqhfwhg Lqwhuqhw edfnerqh rshudwruv ru qhwzrunv1 Lq wklv
iudphzrun/ wkh hqg xvhuv ru fxvwrphuv duh khwhurjhqhrxv lq vhyhudo uhvshfwv1
Iluvw/ wkhlu sdwwhuqv ri wud!f lpedodqfh glhu1 Frqvxphuv uhfhlyh pxfk pruh
wud!f wkdq wkh| vhqg/ sulpdulo| gxh wr wkh grzqordgv wkh| uhtxhvw> zhevlwhv
lq frqwudvw ruljlqdwh pxfk ri wkhlu wud!f/ hyhq wkrxjk wkh| gr qrw uhtxhvw lw1
Vhfrqg/ glhuhqw hqg xvhuv jhqhudwh glhuhqw ydoxh wr rwkhu hqg xvhuv dqg wkxv
wr wkh Lqwhuqhw1 Wklug/ hqg xvhuv pd| glhu lq wkh frvw wkhlu wud!f lpsrvhv rq
wkh rshudwruv1
Wkh edfnerqh rshudwruv ylh iru wkh ydulrxv w|shv ri wud!f1 Lq sduwlfxodu/
hdfk frpshwhv rq wkh wzr vlghv ri wkh pdunhw +frqvxphuv dqg zhevlwhv,1 Wkh
frpshwlwlyh dqdo|vlv rhuv wzr vhwv ri lqvljkwv=
Frpshwlwlyh vwudwhjlhv= Rq wkh srvlwlyh vlgh/ zh dqdo|}h sulflqj vwudwhjlhv lq
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wklv lqwhufrqqhfwhg hqylurqphqw1 Wkh uvw nh| lqvljkw ri wkh sdshu lv wkdw/ lq
d zlgh udqjh ri vlwxdwlrqv/ edfnerqhv vhw wkhlu sulfh rq hdfk exvlqhvv vhjphqw
dv li wkh| kdg qr rwkhu fxvwrphu1 Wkdw lv/ wkh| vhw fkdujhv wr frqvxphuv dqg
zhevlwhv dv li wkhlu frqqhfwlrqv zhuh hqwluho| r0qhw1 Zh fdoo wklv wkh r0qhw0frvw
sulflqj sulqflsoh1 Zh uvw ghprqvwudwh wklv sulqflsoh lq wkh vlpsohvw shuihfwo|
frpshwlwlyh hqylurqphqw zlwk d uhflsurfdo dffhvv fkdujh1 Wklv vlpsoh sulqflsoh
wxuqv rxw wr eh uhpdundeo| urexvw wr jhqhudol}dwlrqv ri wkh prgho= pl{hg wud!f
sdwwhuqv/ yduldeoh ghpdqg/ TrV djuhhphqwv/ edfnerqh glhuhqwldwlrq/ lqvwdoohg
edvhv/ pxowlkrplqj/ dqg fxvwrphu frvw khwhurjhqhlw|1
Lpsdfw ri wkh dffhvv fkdujh rq zhoiduh dqg surw= Wkh dffhvv fkdujh dhfwv wkh
edfnerqhv* pdujlqdo frvw ri lqfrplqj dqg rxwjrlqj r0qhw wud!f1 Lw wkhuhiruh
ghwhuplqhv krz edfnerqhv glvwulexwh frppxqlfdwlrq frvwv ehwzhhq zhevlwhv dqg
frqvxphuv1 Fhwhulv sdulexv/ d kljkhu dffhvv fkdujh shqdol}hv hqg xvhuv/ vxfk dv
zhevlwhv/ zlwk dq rxwjrlqj0wud!f eldv/ dqg ehqhwv hqg xvhuv/ vxfk dv frqvxphuv/
zlwk wkh rssrvlwh eldv1 Qhwzrun h{whuqdolwlhv frqvlghudwlrqv/ wkrxjk/ frpsolfdwh
hqg xvhuv* suhihuhqfhv ryhu dffhvv fkdujhv dv wkh| zdqw wkh rwkhu vlgh ri wkh
pdunhw wr h{sdqg1
Zh uvw frqvlghu wkh fdvh zkhuh wkhuh lv qr gluhfw sd|phqw ehwzhhq zhevlwhv
dqg frqvxphuv1 Wklv fdvh lv prvw uhohydqw zkhq wkhuh duh qr plfursd|phqwv dqg
qr rwkhu qdqfldo wudqvdfwlrq uhvxowlqj iurp frqvxphuv* ylvlwv wr wkh zhevlwhv1
Lq wkdw fdvh/ wkh dffhvv fkdujh vkrxog surprwh hfrqrplf h!flhqf| e| doohyldwlqj
wkh exughq rq wkrvh hqg xvhuv d, zkrvh ghpdqg lv kljko| hodvwlf/ dqg e, zkr
fuhdwh ydoxh iru rwkhu hqg xvhuv1 Pruh jhqhudoo|/ wkh sdshu dujxhv wkdw wkh dffhvv
fkdujh fdqqrw e| lwvhoi lqgxfh doo wkh sulfh glhuhqwldwlrq wkdw zrxog eh uhtxluhg
iru dq h!flhqw doorfdwlrq lq wkh Lqwhuqhw1 Ixuwkhupruh/ li edfnerqhv kdyh pdunhw
srzhu wkh| gr qrw qhfhvvdulo| fkrrvh wkh vrfldoo| rswlpdo dffhvv fkdujh1
Dovr/ lqglylgxdo hqg xvhuv* hodvwlflwlhv zloo eh dhfwhg e| d pruh zlghvsuhdg
xvh ri plfursd|phqwv ehwzhhq hqg0xvhuv/ zklfk sduwo| uhdoorfdwh frvwv hqgrjh0
qrxvo|1 Lqghhg/ zh frqvlghu pruh eulh | wkh fdvh zkhuh frqvxphuv sd| d sulfh
wr wkh zhevlwhv iru wkhlu ylvlwv +wklv sulfh fdq eh d plfursd|phqw fkdujhg e| wkh
zhevlwh/ ru eh sduw ri d wudqvdfwlrq uhvxowlqj iurp wkhlu ylvlw,1 Wklv qdqfldo
wudqvdfwlrq surylghv dq dgglwlrqdo fkdqqho iru doorfdwlqj wkh frvw ri wkh frppx0
qlfdwlrq/ zklfk orzhuv wkh doorfdwlyh lpsdfw ri wkh dffhvv fkdujh1
Rq wkh srvlwlyh vlgh/ zh dqdo|}h wkh lpsdfw ri wkh dffhvv fkdujh rq surwv1
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Wkhuh pd| eh qr vxfk lpsdfw/ iru h{dpsoh zkhq dq lqfuhdvh lq wkh dffhvv fkdujh
lv frpshwhg dzd| e| wkh edfnerqhv* rhulqj yhu| orz sulfhv wr frqvxphuv1 Li
edfnerqhv kdyh pdunhw srzhu/ krzhyhu/ surwv duh dhfwhg e| wkh dffhvv fkdujh
dqg edfnerqhv zloo whqg wr vxevlgl}h wkh pruh surwdeoh vhjphqw1
Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 frqvwuxfwv d prgho ri shuihfw
+Ehuwudqg, edfnerqh frpshwlwlrq iru frqvxphuv dqg zhevlwhv/ dvvxplqj wkdw
erwk vlghv ri wkh pdunhw duh vxssolhg/ l1h1 ghpdqgv duh orfdoo| lqhodvwlf1 Vhf0
wlrq 6 ghprqvwudwhv wkh urexvwqhvv ri wkh r0qhw0frvw sulflqj sulqflsoh1 Vhfwlrq
7 dqdo|}hv wkh vrfldoo| rswlpdo dffhvv fkdujh1 Vhfwlrq 8 glvfxvvhv vrph olplwv ri
wkh r0qhw0frvw sulflqj sulqflsoh1 Vhfwlrq 9 lqwurgxfhv plfursd|phqwv ehwzhhq
fxvwrphuv dqg zhevlwhv1 Vhfwlrq : frqfoxghv1
Rxu sdshu lv uhodwhg wr wkh olwhudwxuh rq wzr0zd| dffhvv lq whohfrppxqlfd0
wlrqv/ h1j1/ Dupvwurqj +4<<;, dqg Odrqw0Uh|0Wluroh +4<<;d/e,14 Wklv olwhudwxuh
dvvxphv wkdw zkloh frqvxphuv erwk vhqg dqg uhfhlyh wud!f/ uhfhlyhuv jhw qr vxu0
soxv iurp dqg duh qrw fkdujhg iru uhfhlylqj fdoov1 Zkhq lqvwhdg uhfhlyhuv ghulyh
vrph xwlolw| iurp uhfhlylqj fdoov/ dq h{whuqdolw| pxvw eh lqwhuqdol}hg iru h!flhqf|1
Wkh idfw wkdw xvhuv duh qrw fkdujhg iru uhfhlylqj wud!f kdv vhyhudo lpsolfdwlrqv1
Iluvw/ rshudwruv* pdujlqdo fkdujh iru rxwjrlqj wud!f lv htxdo wr wkh rq0qhw frvw
dxjphqwhg e| wkh dyhudjh whuplqdwlrq pdun0xs udwkhu wkdq wr wkh r0qhw frvw1
Vhfrqg/ lw fuhdwhv vrph lqvwdelolw| lq frpshwlwlrq li wkh qhwzrunv duh forvh vxe0
vwlwxwhv dqg wkh whuplqdwlrq fkdujh lv qrw lq wkh ylflqlw| ri wkh whuplqdwlrq frvw>
lq frqwudvw/ Vhfwlrq 5 hvwdeolvkhv wkdw qr vxfk lqvwdelolw| rffxuv zkhq frqvxphuv
duh fkdujhg iru uhfhlylqj fdoov1
Wkh sdshuv prvw uhodwhg wr rxuv duh Mhrq hw do1 +5334, dqg Khupdolq0Ndw}
+5334,1 Mhrq hw do1 +5334, dqdo|}h wkh r0qhw frvw sulflqj sulqflsoh lq d whohfrp0
pxqlfdwlrqv hqylurqphqw zkhuh wkh yroxph ri wud!f ehwzhhq hdfk vhqghu dqg
uhfhlyhu lv hqgrjhqrxvo| ghwhuplqhg e| wkh sduw| zlwk wkh orzhu pdujlqdo zloolqj0
qhvv wr frppxqlfdwh1 Wklv irupxodwlrq doorzv lq sduwlfxodu wr whoo dsduw prqwko|
+vxevfulswlrq, ihhv dqg xvdjh ihhv +iru uhfhlylqj dqg vhqglqj wud!f,1 Wkdw sdshu
dovr frqvlghuv wkh fdvh ri uhjxodwhg uhfhswlrq fkdujhv/ dqg vwuhvvhv ixuwkhupruh
wkdw qhwzrun0edvhg sulfh glvfulplqdwlrq lv frqgxflyh wr frqqhfwlylw| euhdngrzqv1
Lq frqwudvw/ lq prvw ri wklv sdshu zh vxssrvh wkdw wkhuh lv d {hg yroxph ri wudqv0
4Vhh dovr Fduwhu0Zuljkw +4<<<d/e,/ Fkhugurq +5333,/ Ghvvhlq +4<<<d/e,/ Jdqv0Nlqj +5333,
dqg Kdkq +5333,1
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dfwlrqv iru hdfk frqvxphu0zhevlwh pdwfk1 Wklv pdnhv qrqolqhdu wdulv luuhohydqw
+qr glvwlqfwlrq ehwzhhq {hg dqg xvdjh ihhv,> zh xvh wklv vlpsohu irupxodwlrq
wr vwxg| vhyhudo dgglwlrqdo dvshfwv/ vxfk dv wkh lpsdfw ri pxowlkrplqj/ pdunhw
srzhu/ dv|pphwulf dffhvv fkdujhv dqg plfursd|phqwv ehwzhhq frqvxphuv dqg
zhevlwhv1 Khupdolq dqg Ndw} +5334, dovr irfxv rq {hg wudqvdfwlrqv exw doorz
iru vwrfkdvwlf +dqg srvvleo| fruuhodwhg, jdlqv iurp frppxqlfdwlrq1 Wkh| vkrz
wkdw grxeoh pdujlqdol}dwlrq lqfuhdvhv zkhq qhwzrunv vshfldol}h lq rhulqj vhu0
ylfhv wr vhqghuv ru uhfhlyhuv dqg dovr vwxg| dv|pphwulf Ehuwudqg frpshwlwlrq/
zkhuh vrph rshudwruv duh pruh h!flhqw wkdq rwkhuv1
5 D vlpsoh ehqfkpdun
Dowkrxjk rxu wkhru| doorzv iru jhqhudo wud!f lpedodqfhv/ lw lv xvhixo iru h{srv0
lwru| sxusrvhv wr glvwlqjxlvk wzr w|shv ri fxvwrphuv= zhevlwhv dqg frqvxphuv1
Frqvxphuv h{fkdqjh wud!f +h1j1/ hpdlov,/ eurzvh zhesdjhv/ grzqordg ohv/ dqg
vr iruwk> zhevlwhv srvw sdjhv dqg ohv/ zklfk fdq eh eurzvhg dqg grzqordghg e|
frqvxphuv1 Wkhuh lv olwwoh wud!f ehwzhhq zhevlwhv dqg/ ixuwkhupruh/ wkh wud!f
ehwzhhq frqvxphuv +vxfk dv hpdlo h{fkdqjhv, ru iurp frqvxphuv wr zhevlwhv +wkh
uhtxhvwv iru sdjhv ru oh grzqordgv, lv pxfk vpdoohu wkdq wkh wud!f iurp zhe0
vlwhv wr frqvxphuv +wkh dfwxdo grzqordglqj ri zhesdjhv dqg ohv,1 Wr fdswxuh
wklv wud!f sdwwhuq lq lwv vlpsohvw irup/ zh qhjohfw wkh wud!f ehwzhhq frqvxphuv
ru ehwzhhq zhevlwhv/ dv zhoo dv wkh wud!f iurp frqvxphuv wr zhevlwhv/ dqg irfxv
lqvwhdg rq wkh wud!f iurp zhevlwhv wr hqg xvhuv1
Prvw ri wkh sdshu pdnhv wkh iroorzlqj dvvxpswlrqv=
Edodqfhg fdoolqj sdwwhuq= Zh dvvxph wkdw frqvxphuv* lqwhuhvw lq d zhevlwh lv
xquhodwhg wr wkh zhevlwh*v qhwzrun fkrlfh= d frqvxphu lv dv olnho| wr uhtxhvw d
sdjh iurp d jlyhq zhevlwh ehorqjlqj wr khu qhwzrun dqg dqrwkhu jlyhq zhevlwh
ehorqjlqj wr d ulydo qhwzrun15 Lq wkh devhqfh ri ruljlqdwlrq0edvhg sulfh glvfulpl0
qdwlrq +wkdw lv/ li d frqvxphu sd|v wkh vdph sulfh iru uhfhlylqj wud!f/ uhjdugohvv
ri wkh lghqwlw| ri wkh ruljlqdwlqj zhevlwh*v edfnerqh,/ wkh shufhqwdjh ri wud!f
ruljlqdwlqj rq qhwzrun l dqg frpsohwhg rq qhwzrun m lv wkhuhiruh sursruwlrqdo
5Wklv dvvxpswlrq rxjkw wr eh uhqhg lq vshflf lqvwdqfhv1 Iru h{dpsoh/ uhjlrqdo ru lqwhu0
qdwlrqdo vshfldol}dwlrq ri edfnerqhv wrjhwkhu zlwk rwkhu idfwruv/ vxfk dv odqjxdjh d!qlw|/ pd|
lqgxfh vrph ylrodwlrqv ri wklv k|srwkhvlv +Fklqhvh frqvxphuv pd| eh pruh olnho| wr eurzvh XV
zhevlwhv wkdq XV fxvwrphuv wr eurzvh Fklqhvh zhevlwhv,1
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erwk wr wkh iudfwlrq ri zhevlwhv rq qhwzrun m dqg wr wkh iudfwlrq ri frqvxphuv
vxevfulelqj wr qhwzrun l1
Uhflsurfdo dffhvv sulflqj= Zh dvvxph wkdw wkhuh lv qr dv|pphwu| lq wkh lqwhu0
frqqhfwlrq fkdujh= D qhwzrun sd|v dv pxfk iru kdylqj lwv wud!f whuplqdwhg rq d
ulydo qhwzrun +r qhw wud!f, dv lw uhfhlyhv iru whuplqdwlqj wud!f ruljlqdwlqj rq
d ulydo qhwzrun1 Wklv dvvxpswlrq zloo eh uhod{hg lq Vhfwlrq 8/ exw lw lv zruwk qrw0
lqj wkdw wkhuh kdyh ehhq fdoov iru uhjxodwruv wr lpsrvh uhflsurfdo dffhvv fkdujhv16
^Dw wkh prphqw/ prvw lqwhufrqqhfwlrq djuhhphqwv ehwzhhq wkh wrs ohyho edfn0
erqhv wdnh wkh irup ri eloo dqg nhhs shhulqj djuhhphqwv/ zlwk }hur +dqg wkxv
uhflsurfdo, whuplqdwlrq fkdujhv> krzhyhu/ wklv vlwxdwlrq lv olnho| wr hyroyh lq wkh
ixwxuh  vrph edfnerqhv kdyh douhdg| lqwurgxfhg srvlwlyh whuplqdwlrq fkdujhv lq
wkhlu djuhhphqwv zlwk fhuwdlq rwkhu edfnerqhv`1
Ohw xv qrz eh pruh vshflf derxw wkh prgho=
Frvw vwuxfwxuh= Wzr ixoo fryhudjh7 qhwzrunv/ ru edfnerqhv ru rshudwruv/
kdyh wkh vdph frvw vwuxfwxuh1 Iru qrwdwlrqdo vlpsolflw|/ zh ljqruh uhtxhvw wud!f/
vr wkdw wkh rqo| frvwv duh wkrvh lqfxuuhg wr eulqj wud!f iurp zhevlwhv wr frq0
vxphuv1 Zh dovr gr qrw lqfoxgh dq| {hg qhwzrun frvw1 Lw lv vwudljkwiruzdug wr
dgg erwk w|shv ri frvwv18
Zh ohw f ghqrwh wkh wrwdo pdujlqdo frvw ri wud!f1 Zkhq wud!f lv kdqghg ryhu
iurp rqh edfnerqh wr wkh rwkhu/ zh ohw fr dqg fw ghqrwh wkh ruljlqdwlqj dqg
whuplqdwlqj edfnerqhv* pdujlqdo frvwv dvvrfldwhg zlwk wklv wud!f Efr n fw ' f1
Dowkrxjk wkh h{dfw h{suhvvlrqv ri fr dqg fw duh luuhohydqw iru wkh wkhru|/ lw lv
xvhixo iru frqfuhwhqhvv wr glvfxvv wkh qdwxuh ri wkhvh frvwv lq wkh fxuuhqw Lqwhuqhw
hqylurqphqw1 Iru h{dpsoh/ vxssrvh wkdw edfnerqhv lqfxu d pdujlqdo frvw f shu
xqlw ri wud!f dw wkh ruljlqdwlqj dqg whuplqdwlqj hqgv dqg d pdujlqdo frvw f lq
ehwzhhq/ zklfk pd| vwdqg iru wkh urxwlqj frvwv dqg wkh pdujlqdo frvw ri wuxqn
olqhv xvhg iru wudqvsruwdwlrq1 Wkh wrwdo pdujlqdo frvw ri wud!f lv wkxv
f  2f n f=
Lq sudfwlfh/ wrs0ohyho edfnerqh rshudwruv kdyh pxowlsoh lqwhufrqqhfwlrq srlqwv
dqg kdyh dq lqfhqwlyh wr sdvv rq r0qhw wud!f dv vrrq dv srvvleoh1 D frqvhtxhqfh
6Vhh Pdufxv +4<<<, dqg Jdr +5333, iru ryhuylhzv ri wkh Lqwhuqhw*v klhudufklfdo rujdql}dwlrq1
7Ixoo fryhudjh phdqv wkdw wkh edfnerqhv kdyh d joredo jhrjudsklfdo suhvhqfh dqg wkxv
duh deoh wr vhuyh doo fxvwrphuv1
8Wkh qh{w vhfwlrq frqvlghuv pl{hg wud!f sdwwhuqv1 Iru vlpsolflw|/ zh dovr ljqruh wkh lpsdfw
rq wkh frvw vwuxfwxuh ri fdfklqj/ uhsolfdwlrq dqg rwkhu frqwhqw gholyhu| qhwzrun vfkhphv1
8
ri wklv krw srwdwr sdwwhuq9lv wkdw prvw ri wkh wudqvsruwdwlrq frvw f lv eruq e|
wkh uhfhlylqj edfnerqh1: Iru r0qhw wud!f/ wkh vhqglqj qhwzrun wkxv lqfxuv wkh
pdujlqdo frvw ri ruljlqdwlrq/ f/ zkloh wkh uhfhlylqj qhwzrun lqfxuv erwk wkh wudqv0
sruwdwlrq frvw f dqg wkh pdujlqdo frvw ri whuplqdwlrq/ f1 Wkh wrwdo pdujlqdo
frvw ri wud!f lv wkxv vkduhg e| wkh vhqglqj dqg uhfhlylqj qhwzrunv dffruglqj wr
fr  f
 dqg fw  f
 n f=
Ghpdqg vwuxfwxuh= Zh uvw dvvxph wkdw wkh qhwzrunv duh shuihfw vxevwlwxwhv/
wkdw frqvxphuv dqg zhevlwhv kdyh lqhodvwlf ghpdqg iru dqg vxsso| ri zhesdjhv1
Wr eh vxuh/ frqvxphuv dqg zhevlwhv duh pruh olnho| wr xvh wkh zhe li wkh| duh
fkdujhg orzhu sulfhv> zh zloo wkxv uhod{ wkhvh dvvxpswlrqv odwhu rq1
Wkhuh lv d frqwlqxxp ri frqvxphuv/ ri pdvv / dqg d frqwlqxxp ri zhevlwhv/
ri pdvv  dv zhoo1 Hdfk frqvxphu jhqhudwhv rqh xqlw ri wud!f iurp hdfk zhevlwh
frqqhfwhg wr hlwkhu edfnerqh1 Hdfk xqlw ri wud!f iurp d zhevlwh wr d frqvxphu
|lhogv d ydoxh y wr wkh frqvxphu dqg d ydoxh y wr wkh zhevlwh1 Zh zloo dvvxph
wkdw wkh pdunhw lv yldeoh/ wkdw lv/
y n y A f=
Xqwlo Vhfwlrq 9/ zh dvvxph dzd| plfursd|phqwv ehwzhhq frqvxphuv dqg
zhevlwhv dqg srvlw wkdw zhevlwhv gr qrw fkdujh glhuhqwldwhg sulfhv wr frqvxphuv
ghshqglqj rq zkhwkhu wkhlu frqqhfwlrq lv rq0 ru r0qhw1 Ixuwkhupruh/ edfnerqhv
duh shuihfw vxevwlwxwhv rq erwk vlghv ri wkh pdunhw/ dqg vr hdfk vlgh fkrrvhv wkh
orzhvw sulfh wkdw lw lv rhuhg1
Zh zloo lqlwldoo| dvvxph wkdw sulfhv duh orz hqrxjk wkdw doo frqvxphuv ru zhe0
vlwhv frqqhfw wr d edfnerqh1 Wkh yroxph ri wud!f dvvrfldwhg zlwk hdfk fxvwrphu
lv wkhq {hg/ dqg wkhuh lv wkxv qr srlqw glvwlqjxlvklqj ehwzhhq vxevfulswlrq dqg
xvdjh sulfhv ru olqhdu dqg qrqolqhdu sulfhv= frqvxphuv* vxevfulswlrq ghflvlrqv
duh edvhg rq wkh sulfhv s dqg s2 fkdujhg e| wkh wzr edfnerqhv iru uhfhlylqj
wud!f/ zkloh zhevlwhv* vxevfulswlrq ghflvlrqv duh edvhg rq wkh sulfhv s dqg s2
9Iru d ghvfulswlrq ri krw srwdwr urxwlqj/ vhh Pdufxv +4<<</ Fkdswhu 47,1
:Rxu dqdo|vlv zrxog krzhyhu dsso| wr dq| rwkhu zd| ri vkdulqj wkh frvw ri r0qhw wud!f1 Zh
khuh dvvxph wkdw wkh dffhvv fkdujh lv/ dv lv fxuuhqwo| wkh fdvh/ lqghshqghqw ri wkh glvwdqfh
ehwzhhq wkh srlqw dw zklfk wkh wud!f lv kdqghg ryhu dqg wkh orfdwlrq ri wkh uhfhlyhu1 Rxu
dqdo|vlv zrxog vwloo dsso| li wkhuh zhuh glhuhqwldwhg dffhvv fkdujhv/ dv orqj dv glhuhqfhv lq
dffhvv fkdujhv uh hfwhg glhuhqfhv lq whuplqdwlrq frvwv1 Wkh zklwh sdshu QULF +5335, surylghv
d ghwdlohg ryhuylhz ri fxuuhqw lqwhufrqqhfwlrq djuhhphqwv dqg wkh lvvxhv wkh| udlvh1
9
fkdujhg iru vhqglqj wud!f1; Qrwh wkdw wkh edfnerqhv qhhg qrw eh deoh wr whoo
frqvxphuv dqg zhevlwhv dsduw gluhfwo|1 Lw vx!fhv wkdw lq rzv dqg rxw rzv eh
sulfhg glhuhqwo|1
Ghqrwlqj e| l edfnerqh l*v pdunhw vkduh iru frqvxphuv dqg e| l lwv pdunhw
vkduh iru zhevlwhv/ dqg dvvxplqj wkdw wkh wzr rshudwruv fkdujh hdfk rwkhu wkh
vdph lqwhufrqqhfwlrq fkdujh d iru whuplqdwlqj wud!f/ edfnerqh l*v surw lv jlyhq
e| +iru l 9' m ' > 2,=
l ' ll Esl n sl  f n lm Esl  Efw  d n ml Esl  Efr n d
ru
l ' l dsl  Efw  do n l dsl  Efr n do > +4,
zkhuh  '  n 2 dqg  '  n 2 ghqrwh/ uhvshfwlyho|/ wkh wrwdo qxpehuv ri
frqqhfwhg frqvxphuv dqg ri frqqhfwhg zhevlwhv1 Li doo srwhqwldo fxvwrphuv duh
frqqhfwhg dv zh dvvxph lq wklv vhfwlrq +wkdw lv/  '  ' ,/ wklv h{suhvvlrq
uhgxfhv wr
l ' l dsl  Efw  do n l dsl  Efr n do = +5,
Wkdw lv/ dv orqj dv sulfhv gr qrw h{fhhg fxvwrphuv* uhvhuydwlrq ydoxhv/ wkh surw
ri hdfk edfnerqh fdq eh ghfrpsrvhg lqwr wzr lqghshqghqw frpsrqhqwv= rqh iru
wkh frqvxphu exvlqhvv/ dqg dqrwkhu rqh iru wkh zhevlwh exvlqhvv1 Wkh shuihfw
vxevwlwxwdelolw| dvvxpswlrq hqvxuhv ixuwkhupruh wkdw/ lq hdfk olqh ri exvlqhvv/ doo
fxvwrphuv jr wr wkh fkhdshvw rshudwru zkhqhyhu wkhlu sulfhv glhu1
Wkh wlplqj lv dv iroorzv= 4, wkh dffhvv fkdujh d lv ghwhuplqhg +wkurxjk d
elodwhudo djuhhphqw ru e| uhjxodwlrq,/ 5, wkh edfnerqhv vhw wkhlu sulfhv/ dqg 6,
hqg xvhuv vhohfw wkhlu edfnerqhv1 Dv lv xvxdo/ zh vroyh iru d vxejdph shuihfw
htxloleulxp ri wkh jdph1
Sursrvlwlrq 4 +r0qhw0frvw sulflqj sulqflsoh, Dvvxph y  fwd dqg y  frnd>
wkhq/ wkhuh h{lvwv d xqltxh sulfh htxloleulxp1< Wklv htxloleulxp lv v|pphwulf dqg
;Wkh frqvxphu sulfhv s4 dqg s5 fdq eh lqglhuhqwo| lqwhusuhwhg dv yroxph0edvhg sulfhv iru
uhfhlylqj wud!f/ ru dv vxevfulswlrq sulfhv  li wkh wrwdo qxpehu ri zhevlwhv zhuh qrw qrupdol}hg
wr 4/ wkhvh zrxog eh vxevfulswlrq sulfhv shu zhevlwh uhdfkhg1 Vlploduo|/ zhevlwhv* sulfhv s4 dqg
s5 fdq eh lqwhusuhwhg dv +shu frqvxphu uhdfkhg, vxevfulswlrq sulfhv1
<Pdunhw vkduhv duh xqghwhuplqhg1
:
vdwlvhv=
s ' s2 ' s
W ' fw  d>
s ' s2 ' s
W ' fr n d>
 ' 2 ' 
W ' f=
Surri1 Wkh vwdqgdug Ehuwudqg dujxphqw dssolhv wr hdfk exvlqhvv vhjphqw1
Wkh rqo| fdyhdw lv wkdw wkh qxpehu ri frqqhfwhg fxvwrphuv lq rqh vhjphqw dhfwv
wkh pdunhw ghpdqg lq wkh rwkhu vhjphqw> krzhyhu/ dv orqj dv sulfhv uhpdlq ehorz
uhvhuydwlrq ydoxhv/ doo fxvwrphuv duh frqqhfwhg +wr rqh ru wkh rwkhu qhwzrun, dqg/
lq hdfk vhjphqw/ wkh pdunhw ghpdqg lv wkxv lqghshqghqw ri wkh dfwxdo sulfh ohyhov1
Iru hdfk fxvwrphu/ wkh sulfh lv frpshwlwlyho| vhw htxdo wr wkh rssruwxqlw|
frvw ri vhuylflqj wklv fxvwrphu/ udwkhu wkdq ohwwlqj wkh fxvwrphu vxevfuleh wr
wkh rwkhu qhwzrun1 Vxssrvh iru h{dpsoh wkdw edfnerqh  vwhdov d frqvxphu
dzd| iurp edfnerqh 21 Wkhq/ wkh wud!f iurp edfnerqh 2*v zhevlwhv wr wkdw
frqvxphu/ zklfk zdv suhylrxvo| lqwhuqdo wr edfnerqh 2/ qrz frvwv edfnerqh 
dq dprxqw fw wr whuplqdwh exw jhqhudwhv d pdujlqdo whuplqdwlrq uhyhqxh d> wkh
rssruwxqlw| frvw ri wkdw wud!f lv wkxv fw  d1 Dqg wkh wud!f iurp edfnerqh *v
zhevlwhv/ zklfk frvwv lqlwldoo| fr iru ruljlqdwlrq dqg d iru whuplqdwlrq rq edfnerqh
2/ lv qrz lqwhuqdo wr edfnerqh  dqg wkxv frvwv f ' fr n fw> wkhuhiruh/ iru wkdw
wud!f wrr/ wkh rssruwxqlw| frvw ri vwhdolqj wkh frqvxphu dzd| iurp lwv ulydo lv
f  Efr n d ' fw  d1 D vlplodu uhdvrqlqj vkrzv wkdw vwhdolqj d zhevlwh dzd|
iurp wkh ulydo edfnerqh jhqhudwhv/ iru hdfk frqqhfwhg frqvxphu/ d qhw frvw frnd=
dwwudfwlqj d zhevlwh lqfuhdvhv ruljlqdwlqj wud!f/ zklfk frvwv fr/ dqg dovr phdqv
vhqglqj pruh wud!f iurp lwv rzq zhevlwhv wr wkh rwkhu edfnerqh*v hqg xvhuv/ dv
zhoo dv uhfhlylqj ohvv wud!f iurp wkh rwkhu edfnerqh +vlqfh wkh wud!f ruljlqdwhg
e| wkh vwrohq edfnerqh lv qrz rq0qhw,> lq erwk fdvhv/ d whuplqdwlrq uhyhqxh d lv
orvw1
Lq wklv yhu| vlpsoh ehqfkpdun fdvh ri shuihfwo| vxevwlwxwdeoh qhwzrunv dqg
lqhodvwlf ghpdqg/ Ehuwudqg0olnh frpshwlwlrq hqvxuhv wkdw surwv duh vhw dw wkhlu
frpshwlwlyh ohyho EW ' f> zkdwhyhu wkh dffhvv fkdujh d/ wkh frpelqhg shu xqlw
fkdujh wr frqvxphuv dqg zhevlwhv fryhuv wkh frvw ri wkh wud!f=43
sW n sW ' Efr n d n Efw  d ' fr n fw ' f=
43Wklv krogv dv orqj dv fxvwrphuv* sulfhv uhpdlq orzhu wkdq fxvwrphuv* uhvhuydwlrq ydoxhv/
;
Wkh dffhvv fkdujh d wkxv phuho| ghwhuplqhv krz wkh frvw ri wkh wud!f lv
vkduhg ehwzhhq vhqghuv +zhevlwhv, dqg uhfhlyhuv +frqvxphuv,  d kljkhu dffhvv
fkdujh ohdglqj wr d odujhu exughq ehlqj sodfhg rq wkh zhevlwhv1 Lq sduwlfxodu/ wkh
dffhvv fkdujh kdv qr lpsdfw rq qhwzrun surwv dqg rq vrfldo zhoiduh/ ghqhg dv
wkh vxp ri fxvwrphuv* vxusoxvhv/ zklfk lv htxdo wr lwv uvw0ehvw ohyho=
Z ' Pll Ey  sl n Pll Ey  sl n Pll
' ZIE  y n y  f=
Ilqdoo|/ ohw xv frpsduh Sursrvlwlrq 4 zlwk wkh uhvxowv lq Odrqw0Uh|0Wluroh
+4<<;d, dqg Dupvwurqj +4<<;, iru lqwhufrqqhfwlrq ri whohskrqh qhwzrunv1 D nh|
glhuhqfh zlwk wklv whohfrppxqlfdwlrqv olwhudwxuh lv wkdw lq wkh odwwhu wkhuh lv d
plvvlqj sulfh= uhfhlyhuv gr qrw sd| iru uhfhlylqj fdoov> wkdw lv/ lq wkh qrwdwlrq ri
wklv sdshu/ s ' f1 Wkh plvvlqj sulfh kdv wzr lpsruwdqw lpsolfdwlrqv1
d, Sulflqj1 Wkh rshudwruv* rswlpdo xvdjh sulfh uh hfwv wkhlu shufhlyhg pdu0
jlqdo frvw1 Exw zkhq rshudwruv gr qrw fkdujh wkhlu fxvwrphuv +khuh/ frqvxphuv,
iru wkh wud!f wkh| uhfhlyh/ rshudwru l*v shufhlyhg pdujlqdo frvw ri rxwjrlqj +khuh/
zhevlwh, wud!f lv jlyhq e|
fn m Ed fw = +6,
Wkdw lv/ wkh xqlw frvw ri wud!f lv wkh rq0qhw frvw f/ dxjphqwhg e| wkh h{shfwhg
r0qhw pdunxs +ru glvfrxqw, Ed fw rq wkh iudfwlrq m ri zhevlwh wud!f wkdw
whuplqdwhv r0qhw1 Frpsdulqj wkh wzr shufhlyhg pdujlqdo frvwv ri rxwjrlqj wud!f
zlwk dqg zlwkrxw uhfhlyhu fkdujh/ iru jlyhq dffhvv fkdujh dqg pdunhw vkduhv/ wkh
sulfh iru vhqglqj wud!f lv kljkhu +orzhu, wkdq lq wkh suhvhqfh ri uhfhswlrq fkdujhv
li dqg rqo| li wkhuh lv d whuplqdwlrq glvfrxqw +pdunxs,144
Qrwh wkdw li wkh plvvlqj sd|phqw lsl zhuh vxewudfwhg iurp wkh uljkw0kdqg
vlgh45 ri E dqg sl zhuh htxdo wr wkh r0qhw frvw
46 Efwd / wkhq E zrxog eh htxdo
wkdw lv/ dv orqj dv fr . d  y dqg fw  d  y1 Li iru h{dpsoh fr . d A y/ wkh pd{lpdo sulfh wkdw
fdq eh fkdujhg wr zhevlwhv/ s @ y/ grhv qrw fryhu wkh rssruwxqlw| frvw wkh| jhqhudwh/ fr . d1
Wkxv/ qr edfnerqh zdqwv wr krvw d zhevlwh dqg wkhuh lv wkhq qr wud!f dw doo iru vxfk dq dffhvv
fkdujh1
44Lqghhg/ f. m +d fw, A fr . d lv htxlydohqw wr +4 m, +d fw, ? 31
45Wr uh hfw wkh idfw wkdw wkh wud!f jhqhudwhg e| edfnerqh l*v zhevlwhv eulqjv uhfhswlrq
uhyhqxh iru wkh vkduh l ri wkh wud!f wkdw uhpdlqv rq0qhw1
46Li frqvxphuv gr qrw ghulyh dq| xwlolw| iurp uhfhlylqj fdoov +y @ 3,/ dv lq Odrqw0Uh|0Wluroh
+4<<;d,/ wkh sulfh sl fdqqrw eh srvlwlyh> qhwzrunv frxog krzhyhu vxevlgl}h uhfhlyhuv1
<
wr wkh r0qhw frvw Efr n d1 Lq vxp/ wkh plvvlqj sd|phqw dhfwv wkh edfnerqhv*
shufhlyhg frvwv/ dqg uhdoorfdwhv frvwv ehwzhhq ruljlqdwlrq dqg uhfhswlrq1
e, Vwdelolw| lq frpshwlwlrq1 Zkhq qhwzrunv duh forvh vxevwlwxwhv/ dqg uhfhlyhuv
duh qrw fkdujhg/ wkhuh h{lvwv qr htxloleulxp xqohvv wkh dffhvv fkdujh lv qhdu wkh
whuplqdwlrq frvw1 Wkh lqwxlwlrq lv hdvlo| judvshg iurp E1 Li wkhuh lv d vxevwdqwldo
whuplqdwlrq wd{ ru vxevlg|/ shufhlyhg pdujlqdo frvwv +dqg wkxv sulfhv, duh idu
iurp dfwxdo frvwv/ wkhuhe| lqwurgxflqj d vrxufh ri lqh!flhqf|1 Exw li qhwzrunv
duh vx!flhqwo| forvh vxevwlwxwhv/ hlwkhu rshudwru frxog fruqhu wkh pdunhw zlwk d
vpdoo uhgxfwlrq lq lwv sulfh/ lq zklfk fdvh lw idfhv wkh wuxh frvwv dqg fdq rhu
d ehwwhu ghdo1 Wklv lvvxh grhv qrw dulvh zkhq hqg xvhuv sd| +ru duh sdlg, iru
uhfhlylqj wud!f1 Lq wkdw fdvh/ wkh vxp ri wkh shufhlyhg frvwv iru ruljlqdwlrq dqg
whuplqdwlrq dozd|v htxdov wkh dfwxdo frvw ri frppxqlfdwlrq= EfrndnEfwd ' f/
luuhvshfwlyh ri wkh dffhvv fkdujh1
6 Urexvwqhvv ri wkh r0qhw0frvw sulflqj sulqfl0
soh
Wkh r0qhw0frvw sulflqj sulqflsoh lv urexvw wr ydulrxv h{whqvlrqv ri wkh shuihfwo|
frpshwlwlyh prgho1
d, Duelwudu| qxpehu ri edfnerqhv
Wkh sulqflsoh h{whqgv wulyldoo| wr q edfnerqhv Eq  2= Lw vx!fhv wr uhsodfh
m lq htxdwlrq +4, e| 
S
m 'l m1
e, Pl{hg wud!f sdwwhuqv
Zh kdyh fdulfdwxuhg uhdolw| e| dvvxplqj wkdw zhevlwhv kdyh rqo| rxwjrlqj
wud!f/ dqg frqvxphuv rqo| lqfrplqj wud!f1 Doo Lqwhuqhw xvhuv lq idfw kdyh d
pl{hg/ dowkrxjk riwhq yhu| eldvhg/ sdwwhuq1 Lw lv hdvlo| yhulhg wkdw xqghu shuihfw
frpshwlwlrq/ edfnerqhv dvn wkhlu fxvwrphuv +frqvxphuv ru zhevlwhv, wr sd|=
WlE{> | ' Efw  d{n Efr n d|>
zkhuh { dqg | duh wkh fxvwrphu*v lqfrplqj dqg rxwjrlqj wud!f yroxphv1
f, Pxowlkrplqj
Vxssrvh qrz wkdw hdfk zhevlwh pd| fkrrvh wr orfdwh lq erwk edfnerqhv1 Zhe0
vlwhv gr qrw jdlq qru orvh iurp pxowlkrplqj dv orqj dv wkh edfnerqhv fkdujh wkh
43
frpshwlwlyh wdul sW ' fr n d1
47
g, Txdolw| ri Vhuylfh +TrV,
Sursrvlwlrq 4 h{whqgv wr pxowlsoh txdolwlhv ri vhuylfh/ dv orqj dv frvwv dqg
dffhvv fkdujh uhihu wr wkh txdolw| ri vhuylfh lq txhvwlrq1
h, Fxvwrphu frvw khwhurjhqhlw|
Rxu dvvxpswlrq wkdw doo fxvwrphuv lpsrvh wkh vdph frvw rq wkh edfnerqh
iru lqfrplqj ru rxwjrlqj wud!f lv pruh uhvwulfwlyh wkdq qhhghg1 Vxssrvh wkdw
wkhuh duh N w|shv ri fxvwrphuv/ n ' > = = = >N1 D fxvwrphu ri w|sh n/ zkhwkhu




Wkh r0qhw0frvw sulflqj sulqflsoh vwloo krogv dv orqj dv edfnerqhv fdq sulfh glv0
fulplqdwh1
Lq sudfwlfh/ wklv frvw0edvhg sulfh glvfulplqdwlrq pd| eh lpsohphqwhg e| vhw0
wlqj glhuhqw fkdujhv iru orfdo gholyhu|> dowhuqdwlyho|/ lw fdq eh lpsohphqwhg e|
xqlirup fkdujhv dssolhg dw jlyhq srlqwv ri lqwhufrqqhfwlrq/ wrjhwkhu zlwk wkh uh0
txluhphqw ri wkh surylvlrq e| wkh hqg xvhuv +ru wkhlu LVSv, ri flufxlwv ohdglqj wr
wkhvh srlqwv ri lqwhufrqqhfwlrq1
i, Lqvwdoohg edvhv
Vxssrvh wkdw edfnerqh l kdv dq lqvwdoohg edvh 	l ri frqvxphuv dqg dq lqvwdoohg
edvh 	l ri zhevlwhv wkdw duh/ iru h{dpsoh/ hqjdjhg lq orqj whup frqwudfwv1 Ohw 	sl
dqg 	sl ghqrwh wkh suhghwhuplqhg sulfhv fkdujhg wr lqvwdoohg edvh frqvxphuv dqg
zhevlwhv e| qhwzrun l1 Wkh rshudwruv* surwv ehfrph=
l ' l dsl  Efw  do n l dsl  Efr n do n 	l d	sl  Efw  do n 	ld	sl  Efr n do=
Frqvhtxhqwo|/ wkh htxloleulxp sulfhv duh xqfkdqjhg= qhz fxvwrphuv duh fkdujhg
wkh r0qhw0frvw sulfhv dqg rshudwru l*v htxloleulxp surw Wl Ed lv htxdo wr
gWl
gd
' 	l  	l=
Wzr vlpsoh lpsolfdwlrqv fdq eh gudzq iurp wklv revhuydwlrq1 Iluvw/ zhekrvwlqj
edfnerqhv suhihu d orz whuplqdwlrq fkdujh zkloh edfnerqhv wkdw duh vwurqjhu rq
wkh gldo0xs vlgh/ vd|/ suhihu d kljk whuplqdwlrq fkdujh1 Vhfrqg/ li wkh whuplqdwlrq
47Lq sudfwlfh/ krzhyhu/ zhevlwhv pd| jdlq iurp hqkdqfhg uholdelolw| ru uhgxqgdqf|/ dw wkh
frvw ri glvhfrqrplhv ri vfdoh lq wkh lqwhuidfh zlwk wkh edfnrqhv1
48Iru h{dpsoh/ Hxurshdq ru Dxvwudoldq Lqwhuqhw Vhuylfh Surylghuv pxvw eh frqqhfwhg wr XV
edfnerqhv wkurxjk frvwo| wudqvrfhdqlf fdeohv wkdw udlvh erwk ruljlqdwlrq dqg whuplqdwlrq frvwv
uhodwlyh wr d XV edvhg fxvwrphu1
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fkdujh lv ghwhuplqhg lq d sulydwh qhjrwldwlrq/ wzr edfnerqhv whqg wr kdyh frq0
 lfwlqj lqwhuhvwv li rqh ohdqv pxfk pruh khdylo| wr rqh vlgh ri wkh pdunhw wkdq
grhv wkh rwkhu1 Krzhyhu/ wkhlu lqwhuhvwv gr qrw qhfhvvdulo| frq lfw +hyhq li rqh
fduulhv idu pruh wud!f wkdq wkh rwkhu, li/ vd|/ rqh vhjphqw ri wkh pdunhw kdv +iru
erwk edfnerqhv, ghyhorshg pruh txlfno| wkdq wkh rwkhu vhjphqw1
7 Udpvh| dffhvv fkdujhv
E| irfxvlqj rq lqhodvwlf ghpdqgv/ wkh ehqfkpdun prgho ri Vhfwlrq 5 dqg wkh
ydulrxv h{whqvlrqv shuiruphg lq Vhfwlrq 6 vlghvwhsshg zhoiduh lvvxhv1 Wklv vhfwlrq
pdlqwdlqv wkh shuihfw frpshwlwlrq dvvxpswlrq exw doorzv iru hodvwlf ghpdqgv1
Shuihfw frpshwlwlrq lpsolhv wkdw edfnerqhv* exgjhw lv dozd|v edodqfhg/ zkdwhyhu
wkh dffhvv fkdujh1 Wkurxjk lwv doorfdwlrq ri frvwv ehwzhhq hqg xvhuv/ wkh dffhvv
fkdujh krzhyhu sod|v d fhqwudo uroh lq dfklhylqj hfrqrplf h!flhqf|1 Zh vkrz
ehorz wkdw wkh Udpvh| dffhvv fkdujhv/ l1h1 wkh dffhvv fkdujhv wkdw pd{lpl}h
vrfldo zhoiduh/ pxvw wdnh lqwr dffrxqw qrw rqo| wkh ghpdqg hodvwlflwlhv ri wkh wzr
vhjphqwv/ exw dovr wkh h{whuqdolw| wkdw hdfk vlgh h{huwv rq wkh rwkhu149
Vxssrvh iru h{dpsoh wkdw d frqvxphu ghulyhv vxusoxv y/ gudzq iurp d glvwul0
exwlrq I Ey/ iurp ehlqj frqqhfwhg zlwk zhevlwhv> vlploduo|/ d zhevlwh ghulyhv d
vxusoxv y/ gudzq iurp d glvwulexwlrq I Ey/ iurp ehlqj frqqhfwhg zlwk frqvxphuv1
Frqvxphuv* dqg zhevlwhv* ghpdqgv duh wkxv jlyhq e| t ' G Es '  I Es dqght ' G Es '  I Es14: Ixuwkhupruh/ frqvxphuv* dqg zhevlwhv qhw vxusoxvhv duh








Ey  s g I Ey1 Wkhq=
Sursrvlwlrq 5 Zkhq erwk frqvxphuv* dqg zhevlwhv* ghpdqgv duh hodvwlf/ wkh
Olqgdko +uvw0ehvw, sulfhv duh jlyhq e|













49Vlplodu frqfoxvlrqv krog iru wkh fuhglw fdug lqgxvwu|/ lq zklfk wkh edfnerqhv duh edqnv/
wkh zhevlwhv dqg frqvxphuv duh wkh phufkdqwv dqg wkh fdugkroghuv/ dqg wkh df0
fhvv fkdujh/ wkh lqwhufkdqjh ihh1 Vhh Urfkhw0Wluroh +5333,/ Vfkpdohqvhh +5333,/ Vfkzduw}0
Ylqfhqw +5333, dqg Zuljkw +5333,1 Uhodwhg lqvljkwv dsso| wr E5E  vhh Fdloodxg0Mxoolhq +5333,1
4:Wkhuh djdlq/ sulfhv fdq eh lqwhusuhwhg dv sxuh wud!f0edvhg sulfhv ru dv +shu zhevlwh uhdfkhg
ru shu frqvxphu uhdfkhg, vxevfulswlrq sulfhv1 Iru h{dpsoh/ li edfnerqhv vlpso| fkdujh d
vxevfulswlrq sulfh W iru uhfhlylqj wud!f/ wkh uhohydqw frqvxphu sulfh lv s @ W@ G/ zkhuh G
ghqrwhv wkh qxpehu ri frqqhfwhg zhevlwhv/ dqg d frqvxphu zlwk d ydoxdwlrq y vxevfulehv djdlq
li s  y1
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zkhuhdv wkh Udpvh| +vhfrqg0ehvw, sulfhv dqg dffhvv fkdujh duh fkdudfwhul}hg e|
sVE ' fw  d














Surri1 Vrfldo zhoiduh lv htxdo wr
Z ' V Es G Es nG Es V Es n Esn s fG Es G Es (
lwv uvw0ehvw ohyho lv wkxv fkdudfwhul}hg e|







Udpvh| sulfhv pd{lpl}h Z vxemhfw wr wkh exgjhw frqvwudlqw=
Esn s fG Es G Es  f=
Ghqrwlqj e|  wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wklv exgjhw frqvwudlqw/
dqg xvlqj sn s ' f/ wkh uvw0rughu frqglwlrqv erlo grzq wr=
 ' G Es V Es ' G EsV Es =
Iurp d uvw0ehvw shuvshfwlyh/ hdfk vhjphqw lv fkdujhg d sulfh htxdo wr wkh
pdujlqdo frvw/ plqxv d glvfrxqw wkdw uh hfwv wkh srvlwlyh h{whuqdolw| h{huwhg rq
wkh rwkhu vhjphqw1 Iru h{dpsoh/ dq h{wud zhevlwh jhqhudwhv dq dgglwlrqdo jurvv
frqvxphu vxusoxv VnsG/ vr wkdw wkh +shu frqvxphu, sulfh s fkdujhg wr zhevlwhv
pxvw eh ghfuhdvhg e| dq dprxqw htxdo wr wkh +shu fdslwd/ ru dyhudjh, frqvxphu
vxusoxv yh  sn V@G=
s ' f yh=
Vlploduo|/ wkh +shu zhevlwh, sulfh fkdujhg wr frqvxphuv pxvw eh glvfrxqwhg iru
wkh dyhudjh vxusoxv yh  sn V@ G wkdw frqvxphuv eulqj wr zhevlwhv= s ' f yh1
Vlqfh dyhudjh vxusoxvhv h{fhhg sulfhv +yh A s/ yh A s,/ wkh wrwdo sulfh fkdujhg wr
wkh wzr vhjphqwv/ sn s/ pxvw eh orzhu wkdq wkh frvw f> wkh vxevlg| pxvw uh hfw
wkh srvlwlyh h{whuqdolw| wkdw hdfk vhjphqw h{huwv rq wkh rwkhu=








zklfk lq sduwlfxodu lpsolhv wkdw/ dw wkh rswlpxp/ wkhvh wzr h{whuqdolwlhv pxvw eh
htxdol}hg1
Lq d vhfrqg0ehvw zruog/ wkh exgjhw frqvwudlqw uxohv rxw rxwvlgh vxevlglhv1
Sulfhv pxvw wkhuhiruh eh lqfuhdvhg vr dv wr ixoo| fryhu wkh frvw f/ dffruglqj
wr vwdqgdug Udpvh| sulqflsohv= wkh ghsduwxuh iurp uvw0ehvw sulfhv vkrxog eh













zkhuh  dqg  ghqrwh wkh ghpdqg hodvwlflwlhv dqg  wkh Odjudqjldq pxowlsolhu
dvvrfldwhg zlwk wkh exgjhw frqvwudlqw1 Lq wkh devhqfh ri {hg frvw/ wkh exgjhw
frqvwudlqw lv vlpso| wkdw wkh wrwdo sulfh s n s pxvw fryhu wkh mrlqw frvw f dqg
wkh deryh Udpvh| irupxodv erlo grzq wr Ee/ zklfk fdq eh lqwhusuhwhg dv iroorzv1
Lqfuhdvlqj wkh frqvxphu sulfh glvfrxudjhv vrph frqvxphuv/ zklfk uhgxfhv zhevlwh
vxusoxv> wkh fruuhvsrqglqj zhoiduh orvv lv wkxv jlyhq e| G Es V Es1 Vlploduo|/
lqfuhdvlqj wkh zhevlwh sulfh glvfrxudjhv vrph zhevlwhv/ zklfk uhgxfhv frqvxphu
vxusoxv/ wkhuhe| jhqhudwlqj d zhoiduh orvv G EsV Es1 Wkh rswlpdo wudgh0r wkxv
ghshqgv rq krz pdq| hqg xvhuv duh glvfrxudjhg rq rqh vlgh/ dv zhoo dv rq wkh
qhw vxusoxv orvw rq wkh rwkhu vlgh/ dqg edodqfhv wkh wzr w|shv ri zhoiduh orvvhv=
G Es V Es ' G EsV Es1 D vshfldo fdvh rffxuv zkhq rqh vlgh ri wkh pdunhw lv
lqhodvwlf dv lq Vhfwlrq 5> wkhq/ wkh dffhvv fkdujh vkliwv wkh exughq dv pxfk dv
srvvleoh wr wkh lqhodvwlf vhjphqw1
Uhpdun1 Lq vkdus frqwudvw zlwk wkh uhfrpphqgdwlrqv xvxdoo| ghulyhg iurp vwdq0
gdug Udpvh| sulflqj irupxodv/ wkh wudgh0r mxvw ghvfulehg fdq ohdg/ lq htxlole0
ulxp/ wr d kljkhu sulfh iru wkh vhjphqw zlwk wkh kljkhu hodvwlflw|1 Wr vhh wklv/ qrwh
wkdw frqglwlrq Ee fdq eh uhzulwwhq dv +ohwwlqj V ' sV












Wkdw lv/ sulfhv lq wkh wzr vhjphqwv vkrxog frydu| zlwk wkhlu uhvshfwlyh ghpdqg
hodvwlflwlhv + ru , +dqg zlwk wkh uhodwhg vxusoxv hodvwlflwlhv/ V dqg  V,1
Xqghu shuihfw frpshwlwlrq/ upv pdnh }hur surw> wkh| duh wkxv lqglhuhqw
dv wr wkh ohyho ri wkh dffhvv fkdujh dqg vkrxog qrw uhvlvw d uhjxodwlrq ri wkh dffhvv
fkdujh zklfk lpsohphqwv wkh vhfrqg0ehvw rswlpxp1 Lq sudfwlfh/ edfnerqhv kdyh
klvwrulfdoo| rswhg iru eloo dqg nhhs Ed ' f/ zklfk plqlpl}hv wudqvdfwlrq frvwv1
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Eloo dqg nhhs lv idyrudeoh wr zhevlwhv/4; zklfk pljkw kdyh ehhq d jrrg lghd wr
surprwh wkh ghyhorsphqw ri Lqwhuqhw0edvhg vhuylfhv1 Qrz wkdw pdq| zhe vhuylfhv
duh dydlodeoh/ dqg wkdw wkh hpskdvlv lv pruh rq hqfrxudjlqj frqvxphuv wr frqqhfw
dqg xvh wkhvh vhuylfhv/ devhqw vljqlfdqw wudqvdfwlrq frvwv eloo dqg nhhs lv xqolnho|
wr eh forvh wr rswlpdo1
8 Dphqglqj wkh r0qhw0frvw sulflqj sulqflsoh
d, Yduldeoh ghpdqg dqg wzr0sduw wdulv
Ohw xv h{whqg wkh prgho wr doorz iru yduldeoh ghpdqg ixqfwlrqv dqg frqqhfwlrq
frvwv iru frqvxphuv  vwlfnlqj wr wkh vdph irupxodwlrq dv ehiruh iru zhevlwhv1 Lw
lv wkhq qdwxudo wr dovr doorz edfnerqhv wr fkdujh wzr0sduw wdulv wr frqvxphuv1
Ehfdxvh ri wkh frqqhfwlrq frvwv/ wkh r0qhw frvwv qr orqjhu suhglfw dyhudjh uhwdlo
sulfhv> krzhyhu/ wkh| vwloo ghqh wkh uhohydqw pdujlqdo xvdjh sulfhv li edfnerqhv
frpshwh lq qrqolqhdu wdulv1 Wr vhh wklv/ iru l ' > 2/ ohw sl ghqrwh wkh yroxph0
edvhg ihh dqg Il wkh {hg ihh fkdujhg e| edfnerqh l/ dqg G Esl wkh ghpdqg ri
d uhsuhvhqwdwlyh frqvxphu zkr vxevfulehv/ zlwk V Esl wkh dvvrfldwhg qhw vxusoxv
+exw jurvv ri wkh {hg ihh Il,1 D frqvxphu wkxv vxevfulehv wr edfnerqh l li
V Esl Il A V Esm Im=
Edfnerqh l*v surw lv wkhq jlyhq e|=
l ' l EIl  i n llG Esl Esl n sl  f n lmG Esm Esl  fw n d n mlG Esm Esl  fr  d
' l EIl  i n l E n 2G Esl dsl  Efw  do n l dG Es n 2G Es2o dsl  Efr n do =
Wkh rssruwxqlw| frvw ri vwhdolqj d zhevlwh dzd| iurp wkh ulydo qhwzrun lv=
lG Esl df Efw  do n mG Esm dEfr n d fo ' Efr n d t>
zkhuh t ' G Es n 2G Es2 ghqrwhv wkh yroxph ri wud!f jhqhudwhg e| hdfk
zhevlwh1 Wkh rssruwxqlw| frvw ri vwhdolqj d zhevlwh/ shu xqlw ri wud!f/ lv wkxv
djdlq fr n d> wkhuhiruh/ lq htxloleulxp/ s ' s2 ' fr n d1
Dovr/ li s ' s2 ' s/ wkhq wkh rssruwxqlw| frvw ri vwhdolqj d frqvxphu dzd|
iurp wkh ulydo qhwzrun lv
lG Es df Efr n do n mG Es dEfw  d fo n i  Il ' Efw  dG Es n i  Il(
4;Zkhq d @ 3/ frqvxphuv sd| wkh hqwluh whuplqdwlrq frvw zklfk/ dv qrwhg deryh/ lv lq sudfwlfh
wkh odujhu sduw ri wkh frvw gxh wr krw srwdwr urxwlqj1
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ixuwkhupruh/ li sl ' fr n d wkhq wkh rssruwxqlw| frvw ri lqgxflqj lwv rzq frq0
vxphuv wr jhqhudwh rqh pruh xqlw ri wud!f lv vlploduo| jlyhq e|
lG Es df slo n mG Es dEfw  d fo ' Efw  dG Es =
Wkhuhiruh/ wkh r0qhw0frvw sulflqj sulqflsoh vwloo dssolhv/ dowkrxjk qrz rqo| lq
htxloleulxp1 Zh wkxv kdyh=
Sursrvlwlrq 6 Zkhq y  fr n d dqg V Efw  d  i / wkhuh h{lvwv d xqltxh wzr0
sduw0wdul htxloleulxp/ jlyhq e|=
s ' s2 ' s
W ' fw  d>
s ' s2 ' s
W ' fr n d>
I ' I2 ' i>
 ' 2 ' 
W ' f=
Wkh r0qhw0frvw sulflqj sulqflsoh wkhuhiruh vwloo dssolhv= lq htxloleulxp/ wkh {hg
ihh lv htxdo wr wkh frqqhfwlrq frvw dqg xvdjh sulfhv iru vhqglqj dqg uhfhlylqj
wud!f duh htxdo wr wkh r0qhw frvwv ri rxwjrlqj dqg lqfrplqj wud!f1
e, Pdunhw srzhu
Vhfwlrq 6 kdv ghprqvwudwhg wkh uhpdundeoh urexvwqhvv ri wkh r0qhw0frvw sulf0
lqj sulqflsoh lq d frpshwlwlyh lqgxvwu|1 Zh qrz lqyhvwljdwh krz wkh sulqflsoh pxvw
eh dphqghg li wkh edfnerqhv kdyh vrph pdunhw srzhu/ zklfk vxssrvhv wkdw wkh|
surylgh glhuhqwldwhg vhuylfhv1 Lqwxlwlyho|/ wkh uhohydqw pdujlqdo frvw uhpdlqv wkh
r0qhw0frvw/ exw d pdunxs vkrxog eh dgghg ehfdxvh ri pdunhw srzhu1 Zh zloo
vd| wkdw dq dffhvv fkdujh lv frqvwudlqhg Udpvh| rswlpdo li lw lv rswlpdo zkhq
wkh rqo| uhjxodwru| lqvwuxphqw lv wkh dffhvv fkdujh +wkdw lv/ zkhq pdunhw srzhu
fdqqrw eh gluhfwo| dgguhvvhg,1
Ohw xv pdlqwdlq wkh dvvxpswlrq wkdw wkh edfnerqhv duh shuihfwo| vxevwlwxwdeoh
rq wkh frqvxphu vhjphqw exw lqwurgxfh vrph glhuhqwldwlrq rq wkh zhevlwh vhj0
phqw1 Zhevlwhv* vxusoxv iurp ehlqj frqqhfwhg zlwk frqvxphuv wkhq ghshqgv rq
wkh qhwzrun wr zklfk wkh| vxevfuleh14< Ohwwlqj y dqg y2 ghqrwh wkh vxusoxvhv
4<Iru h{dpsoh/ edfnerqhv fdq hqjlqhhu wkhlu qhwzrunv wr surylgh glhuhqw ohyhov ri txdolw|/
lq vhyhudo glphqvlrqv1 Wkh| fdq hqvxuh wkdw fdsdflw| lv vljqlfdqwo| juhdwhu wkdq rhuhg ordg 0
e| vshqglqj pruh wr exlog rxw pruh fdsdflw|/ ru e| grlqj d ehwwhu mre ri suhglfwlqj ghpdqg/ ru
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wkdw d zhevlwh ghulyhv zkhq vxevfulelqj uhvshfwlyho| wr edfnerqh  ru 2/ wkh
zhevlwh vxevfulehv wr qhwzrun l li Eiru l 9' m ' > 253
yl  sl  4@ if> ym  smj =
Wkh ydoxhv y dqg y2 duh glvwulexwhg dprqj zhevlwhv dffruglqj wr I Ey> y2 rq
?2n/ zklfk ghwhuplqhv wkh qxpehu Gl Esl> sm ri zhevlwhv fkrrvlqj wr vxevfuleh wr
qhwzrun l> e| frqvwuxfwlrq/ dq lqfuhdvh lq rqh rshudwru*v sulfh lqfuhdvhv wkh gh0
pdqg iru wkh rwkhu rshudwru exw uhgxfhv wkh wrwdo qxpehu ri frqqhfwhg zhevlwhv=
C Gm@Csl A f dqg C Gl@Csl n C Gm@Csl ? f1 Zh zloo ixuwkhupruh pdlqwdlq wkh
iroorzlqj dvvxpswlrqv=





zkhuh J Ey lv wkh fxpxodwlyh glvwulexwlrq ri y  4@ iy> y2j/ dqg gh0
fuhdvhv zkhq s lqfuhdvhv= G ? f1
 Iru hyhu| f wkhuh h{lvwv d xqltxh sulfh s Ef vxfk wkdw s ' @h}4@ s Es
  f Gl Es
> s
dqg  Ef  ds Ef fo G ds Efo ghfuhdvhv zkhq f lqfuhdvhv=  ? f1
Wkh sulfh s dqg surw  fdq eh lqwhusuhwhg dv ehqfkpdun htxloleulxp sulfh dqg
+shu edfnerqh, surw lq dq k|srwkhwlfdo hfrqrp| zkhuh wkh wzr edfnerqhv idfh
ghpdqgv G dqg G2 dqg frpshwh zlwk wkh vdph frvw f1 Wkh dvvxpswlrqv rq wkh
e| xvlqj fdfklqj ru uhsolfdwlrq wr uhgxfh wkh dprxqw ri wud!f wkh| kdxo durxqg wkh qhwzrun1
Wkhvh zloo doo whqg wr uhgxfh erwk wkh phdq dqg wkh yduldqfh ri ghod|> vrph whfkqrorj| fkrlfhv/
krzhyhu/ pd| idyru rqh ru wkh rwkhu1 D qhwzrun wkdw lv fduu|lqj uhdo wlph yrlfh qhhgv wr
pdlqwdlq orz dyhudjh ghod| dqg orz yduldelolw|/ zkhuhdv d wudglwlrqdo qhwzrun grlqj/ vd|/ h0pdlo
pljkw qrw fduh pxfk dw doo derxw wkh yduldelolw| ri ghod|1 Iru d idflolwlhv0edvhg edfnerqh/ wkh
vwudljkwqhvv ri wkhlu ehu uxqv fdq dovr kdyh lpsdfw rq ghod| dv zhoo +vshhg ri oljkw sursdjdwlrq
ghod|,1 Wkh qxpehu ri urxwhu krsv dovr sod|v d uroh/ dowkrxjk wkdw uroh pd| eh vpdoo li wkh
qhwzrun kdv dghtxdwh fdsdflw| lq jhqhudo1
D glhuhqw nlqg ri hqjlqhhulqj hqkdqfhv uholdelolw|1 Hqvxulqj uhgxqgdqf|/ zlwk qr vlqjoh srlqw
ri idloxuh fdq eh lpsruwdqw1 Vlpsolflw| fdq dovr frqwulexwh wr uholdelolw|/ exw sdudgr{lfdoo| lv
riwhq vrphzkdw dw rggv zlwk h{whqvlyh uhgxqgdqf|1 Jrrg frqqhfwlylw| wr rwkhu qhwzrunv fdq
dovr eh d glhuhqwldwru1 Wklv whqgv wr sod| d odujhu uroh lq shulrgv zkhuh/ iru rqh uhdvrq ru
dqrwkhu/ frqqhfwlylw| ehwzhhq qhwzrunv lv lq jhqhudo ohvv wkdq lghdo1
Wkhvh uholdelolw| dqg txdolw| glhuhqfhv kdyh dq lpsdfw rq wkh ehqhw wkdw d zhevlwh fdq
ghulyh iurp frqqhfwlqj wr wkh dowhuqdwlyh edfnerqhv/ dqg wklv lpsdfw ghshqgv rq wkh zhevlwh*v
exvlqhvv prgho1
53Dv ehiruh/ zh dvvxph wkdw hdfk frqvxphu jhwv wkh vdph vxusoxv iurp frqqhfwlqj wr hyhu|
zhevlwh/ dqg vlploduo| wkdw hdfk zhevlwh jhwv wkh vdph vxusoxv iurp frqqhfwlqj wr hyhu| frq0
vxphu1 Wklv doorzv iru d vlpsohu dqdo|vlv ri frqvxphuv* dqg zhevlwhv* vxevfulswlrq ghflvlrqv 
dqg lq sduwlfxodu holplqdwhv dq| lqwhughshqghqfh ehwzhhq wkhvh ghflvlrqv1
4:
ghpdqg dqg surwv duh sodxvleoh= dq lqfuhdvh lq hlwkhu edfnerqh*v sulfh uhgxfhv
wkh qxpehu ri frqqhfwhg zhevlwhv/ dqg dq lqfuhdvh lq wkh lqgxvwu| pdujlqdo frvw
uhgxfhv htxloleulxp surwv154
Lqhodvwlf frqvxphu ghpdqg1 Vxssrvh uvw wkdw doo frqvxphuv jhw wkh vdph ydoxh
y iurp ehlqj frqqhfwhg wr d zhevlwh1 Wkhq/ qrupdol}lqj wr  wkh srsxodwlrq ri
frqvxphuv=
Sursrvlwlrq 7 Dvvxph wkdw frqvxphu ghpdqg lv lqhodvwlf dqg y  fw  d1
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Wkhq wkhuh h{lvwv d xqltxh htxloleulxp1 Wklv htxloleulxp lv v|pphwulf dqg vdwlv0
hv
sl ' s
W ' fw  d> sl ' s Efr n d > l '  Efr n d =
Lqfuhdvlqj wkh dffhvv fkdujh udlvhv wkh htxloleulxp zhevlwh sulfh exw uhgxfhv erwk
wkh qxpehu ri frqqhfwhg zhevlwhv dqg wkh htxloleulxp surwv1 Edfnerqhv idyru
wkh orzhvw dgplvvleoh dffhvv fkdujh/ d ' fw  y/ zklfk ixoo| h{wudfwv wkh vxusoxv
iurp frqvxphuv dqg vxevlgl}hv wkh surwdeoh zhevlwh vhjphqw> frqvxphu ghpdqg
ehlqj lqhodvwlf/ wklv dffhvv fkdujh lv frqvwudlqhg Udpvh| rswlpdo1
Surri1 Ghqrwlqj e| l edfnerqh l*v vkduh ri frqvxphuv/ wkh surw ri wkdw





dsl  Efw  do n Gl dsl  Efr n do =
Wkh vwdqgdug Ehuwudqg dujxphqw wkxv dssolhv wr wkh lqhodvwlf frqvxphu vhjphqw1
Dv orqj dv lw uhpdlqv ehorz y/ wkh sulfh sdlg e| frqvxphuv grhv qrw dhfw wkhlu
ghpdqg dqg wkxv kdv qr hhfw rq wkh zhevlwh exvlqhvv1 Wkhuhiruh/ s ' s2 '
fw d/ zklfk e| dvvxpswlrq grhv qrw h{fhhg y/ dqg qhwzrun l*v surw erlov grzq
wr
l ' Gl Esl> sm dsl  Efr n do >
zklfk ohdgv dw d v|pphwulf htxloleulxp wr sl ' s Efr n d dqg l '  Efr n d1
Glhuhqwldwlrq zhdnhqv wkh lqwhqvlw| ri sulfh frpshwlwlrq iru zhevlwhv dqg
doorzv edfnerqhv wr hduq d srvlwlyh surw rq wkdw vhjphqw> zhevlwh sulfhv duh
54Wklv frqglwlrq lv iru h{dpsoh dozd|v vdwlvhg zkhq edfnerqhv devrue sduw ri wkh frvw
lqfuhdvh +3 ? s3 ? 4,/ vlqfh wkhq erwk wkh ghpdqg dqg wkh pdujlq ghfuhdvh zkhq wkh frvw
lqfuhdvhv1
55Iru y ? fw  d/ wkhuh lv qr v|pphwulf htxloleulxp lq sxuh vwudwhjlhv  dq dv|pphwulf
htxloleulxp pd| krzhyhu h{lvw/ lq zklfk rqh edfnerqh vhuyhv doo frqvxphuv dw d sulfh s @ y1
4;
wkxv kljkhu wkdq wkh r0qhw0frvw frnd/ exw sulfhv dqg surwv duh krzhyhu dv li
edfnerqhv zhuh frpshwlqj iru zhevlwhv zlwk d frvw htxdo wr wkhlu r0qhw0frvw1 D
orzhu dffhvv fkdujh lqfuhdvhv wkh rssruwxqlw| frvw ri vhuylflqj frqvxphuv/ ohdglqj
wkh qhwzrunv wr udlvh wkh frqvxphu sulfh1 Rq wkh rwkhu vlgh/ wkh uhgxfwlrq lq
wkh dffhvv fkdujh orzhuv wkh rssruwxqlw| frvw ri vhuylflqj wkh zhevlwhv/ zklfk
jhqhudwhv pruh surw rq zhevlwhv> lq rwkhu zrugv/ ghfuhdvlqj wkh dffhvv fkdujh
doorzv wkh qhwzrunv wr h{wudfw pruh uhqwv iurp wkh vxusoxv wkdw frqvxphuv ghulyh
iurp uhfhlylqj wud!f> sduw ri wkrvh uhqwv duh sdvvhg rq wr zhevlwhv/ zkr ehqhw
iurp d uhgxfwlrq lq wkh sulfh wkh| duh fkdujhg iru vhqglqj wud!f wr frqvxphuv/
dqg sduw ri lw vhuyhv wr lqfuhdvh qhwzrunv* surwv1
Edfnerqhv wkxv idyru wkh orzhvw dffhvv fkdujh d/ vxemhfw wr frqvxphuv* sduwlf0
lsdwlrq frqvwudlqw Ey  fw  d1 Vlqfh frqvxphu ghpdqg lv lqhodvwlf/ edfnerqhv*
lqwhuhvw lv khuh lq olqh zlwk wkh vrfldo lqwhuhvw/ zklfk dovr uhtxluhv h{wudfwlqj
frqvxphu uhqwv lq rughu wr vxevlgl}h dqg dwwudfw pruh zhevlwhv1
Hodvwlf frqvxphu ghpdqg1 Vxssrvh qrz wkdw frqvxphuv* vxusoxv y lv gudzq iurp
d glvwulexwlrq I Ey1 Frqvxphuv* ghpdqg lv wkxvG Es ' I Es1 Wkh iroorzlqj
dvvxpswlrq jxdudqwhhv wkdw surw ixqfwlrqv duh zhoo0ehkdyhg dqg uxohv rxw wkh
srvvlelolw| wkdw d edfnerqh pljkw ghvluh pdnlqj orvvhv rq frqvxphuv lq rughu wr
hqkdqfh surwv rq wkh zhevlwh vhjphqw1
Dvvxpswlrq D Wkhuh h{lvwv n A f vxfk wkdw=
 ;f> s Ef f ? n(
 ;s> G Es n nG Es  f1
Dvvxpswlrq D hqvxuhv wkdw sulfhv dqg surwv duh djdlq dv li edfnerqhv zhuh
+lpshuihfwo|, frpshwlqj rq hdfk vhjphqw zlwk d frvw htxdo wr wkhlu r0qhw0frvw=
Sursrvlwlrq 8 Zlwk dq hodvwlf frqvxphu ghpdqg/ wkhuh h{lvwv d xqltxh v|p0
phwulf htxloleulxp xqghu Dvvxpswlrq D1 Wklv htxloleulxp vdwlvhv=
sl ' s
W ' fw  d > sl ' s Efr n d > l '  Efr n dG Efw  d =
Dq lqfuhdvh lq wkh dffhvv fkdujh udlvhv wkh htxloleulxp zhevlwh sulfh dqg wkxv
uhgxfhv wkh qxpehu ri frqqhfwhg zhevlwhv/ exw ghfuhdvhv wkh htxloleulxp frqvxphu
sulfh dqg wkxv dwwudfwv pruh frqvxphuv1
4<
Surri1 Il{ sm ' s ' fw  d dqg sm ' s ' s Efr n d1 E| udlvlqj lwv sulfh sl
deryh s ' fw  d/ edfnerqh l jhwv dsl  Efr n do Gl Esl> sG Es dqg wkxv fdqqrw
hduq pruh wkdq +dqg dfwxdoo| hduqv h{dfwo|,  Efr n dG Efw  d1 E| uhgxflqj lwv
sulfh sl ehorz fwd/ edfnerqh l*v surw lv ri wkh irup l Esl> sl ' G Esl 	l Esl> sl/
zkhuh
	l Esl> sl ' dsl  Efw  do
k
Gl Esl> s n Gm Es> sl
l
n dsl  Efr n do Gl Esl> s
lv pd{lpdo iru vrph sl Esl A s= wkh orvv rq wkh frqvxphu vhjphqw jlyhv dq
lqfhqwlyh wr uhgxfh wkh wud!f dqg wkxv wkh qxpehu ri frqqhfwhg zhevlwhv/ Gln Gm1
Xvlqj wkh hqyhorsh wkhruhp/ wkh lpsdfw ri sl rq edfnerqh l*v pd{lpdo surw lv
jlyhq e|




Gl Esl Esl > s n Gm Es> sl Esl
l
nG Esl 	l Esl> sl Esl
 G Esl G Es nG
 Esl ds Efr n do G Es >
zkhuh wkh lqhtxdolw| vwhpv iurp +xvlqj sl  s,
Gl Esl> s n Gm Es> sl  Gm Es> sl  Gm Es> s ' G Es
dqg +xvlqj sl  s,
	l Esl> sl Esl  	l Es> sl Es ' ds Efr n do G Es =
Dvvxpswlrq D wkhq hqvxuhv wkdw gl Esl> sl Esl @gsl  f iru doo sl ? fw  d/
lpso|lqj wkdw edfnerqhv fdqqrw jdlq iurp vxevlgl}lqj frqvxphuv1
Wkh r0qhw0frvw sulflqj sulqflsoh vwloo dssolhv= lq hdfk vhjphqw/ edfnerqhv*
htxloleulxp sulfhv duh dv li edfnerqhv* pdujlqdo frvw zhuh htxdo wr wkh r0qhw
frvw> wkh| duh h{dfwo| htxdo wr wkh r0qhw frvw ri uhfhlylqj wud!f lq wkh frpshwl0
wlyh frqvxphu vhjphqw dqg fruuhvsrqg wr wkh roljrsrolvwlf sulfh s Efr n d lq wkh
zhevlwh vhjphqw1 Ohw xv qrz dvvxph wkdw edfnerqhv sduwldoo| sdvv wkurxjk frvw
lqfuhdvhv wr zhevlwhv=
Dvvxpswlrq E f ? s ? 1
Xqghu wklv uhdvrqdeoh dvvxpswlrq/ e| dgmxvwlqj wkh dffhvv fkdujh wkh edfn0
erqhv pryh erwk sulfhv s dqg s/ lq vxfk d zd| wkdw gs@gs ' s olhv ehwzhhq
 dqg f1
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Edfnerqhv* suhihuuhg dffhvv fkdujh pd{lpl}hv wkh shu0edfnerqh surw
 ' Esn s fG Es G Es =








G Es G Es n Esn s f






Jlyhq wkh sduwldo sdvv0wkurxjk dvvxpswlrq/  n gs
gs
A f/ prylqj vrph ri wkh
frppxqlfdwlrq frvwv iurp wkh zhevlwh vhjphqw wr wkh frqvxphu vhjphqw lqfuhdvhv
wkh frpshwlwlyh frqvxphu sulfh pruh wkdq lw uhgxfhv wkh ohvv frpshwlwlyh zhevlwh
sulfh  lq wkdw vhjphqw/ edfnerqhv nhhs sduw ri wkh uhgxfwlrq lq wkh irup ri
lqfuhdvhg pdujlqv1 Wkhuhiruh wkh uvw whup lv qhjdwlyh dqg jlyhv edfnerqhv dq
lqfhqwlyh wr xvh wkh frqvxphu vhjphqw iru vxevlgl}lqj wkh zhevlwh vhjphqw1 Wkh
rwkhu whup uh hfwv d surw prwlydwlrq iru d odujh yroxph ri frppxqlfdwlrq/ dqg
lqfuhdvhv lq pdjqlwxgh/ wkh odujhu wkh wrwdo pdujlq sn s f1
Edfnerqhv* suhihuuhg dffhvv fkdujh fdq eh frpsduhg zlwk wkh frqvwudlqhg
Udpvh| rswlpdo rqh/ zklfk pd{lpl}hv wrwdo zhoiduh jlyhq pdunhw srzhu rq wkh
zhevlwh vhjphqw1 Wkh odwwhu lv jlyhq e|
4@ 
ts>s
Z ' Eyh n yh  fG Es G Es >


























Dv frpsduhg zlwk edfnerqhv* suhihuuhg dffhvv fkdujh/ iru zklfk  ' f/ wkh uvw
dgglwlrqdo whup fruuhvsrqgv wr d vrfldo jdlq iurp orzhulqj frqvxphu sulfhv dw wkh
h{shqvh ri zhevlwhv1 Wklv vwhpv iurp wkh idfw wkdw/ dv qrwhg deryh/ edfnerqhv
56Vhh Vfkpdohqvhh +5334, iru d vlplodu ghulydwlrq lq wkh frqwh{w ri wkh fuhglw fdug lqgxvwu|1
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kdyh dq h{fhvvlyh lqfhqwlyh wr vkliw frppxqlfdwlrq frvwv wrzdugv wkh pruh frp0
shwlwlyh frqvxphu vhjphqw/ vlqfh wklv frvw lv wkhq sdvvhg wkurxjk wr frqvxphuv>
edfnerqhv wkhq ehqhw iurp orzhu frvwv lq wkh ohvv frpshwlwlyh zhevlwh vhjphqw/
zkhuh wkh| srfnhw0lq sduw ri wkh frvw uhgxfwlrq1 Wkh rwkhu wzr dgglwlrqdo whupv
ghulyh iurp wkh idfw wkdw edfnerqhv gr qrw ixoo| dssursuldwh wkhlu fxvwrphuv*
vxusoxv1 Wkxv/ iru h{dpsoh/ dwwudfwlqj rqh pruh frqvxphu jlyhv zhevlwhv dq
dgglwlrqdo vxusoxv Eyh  s G Es wkdw edfnerqhv fdqqrw jude1
















Sursrvlwlrq 9 Zlwk dq hodvwlf frqvxphu ghpdqg dqg xqghu Dvvxpswlrqv D
dqg E/ edfnerqhv suhihu dq dffhvv fkdujh wkdw lv orzhu wkdq wkh vrfldoo| rswlpdo
rqh/ wkhuhe| idyrulqj zhevlwhv/ zkhqhyhu hlwkhu +l, edfnerqhv ohdyh pruh vxusoxv
wr fxvwrphuv rq wkh frqvxphu vhjphqw Eyh  s A yh  s iru d ' d ru +ll, edfn0
erqhv dssursuldwh prvw ri wkh frvw uhgxfwlrq rq wkh zhevlwh vhjphqw +gs@gs forvh
wr }hur,1
f, Dv|pphwulf dffhvv fkdujhv1 Zkloh wkh edvlf lqvljkw ri wkh ehqfkpdun
prgho kdv yhu| eurdg dssolfdelolw|/ wkh v|pphwulf0dffhvv0fkdujh dvvxpswlrq lv
fuxfldo1 Zh qrz ghprqvwudwh wkdw dv|pphwulf dffhvv fkdujhv duh d idfwru ri lq0
vwdelolw|1 Frqvlghu uvw wkh frpshwlwlyh edfnerqh lqgxvwu| ri Vhfwlrq 5 dqg ohw
qrz dl ghqrwh wkh dffhvv fkdujh sdlg e| edfnerqh m 9' l wr edfnerqh l iru whu0
plqdwlqj edfnerqh m*v r0qhw wud!f1 Zlwkrxw orvv ri jhqhudolw|/ ohw xv dvvxph
wkdw
d A d2=
D uvw lqwxlwlrq lv wkdw wkh kljk0dffhvv0fkdujh edfnerqh 4 kdv d frpsdudwlyh
dgydqwdjh iru erwk frqvxphuv +vlqfh uhfhlylqj wud!f lv sduwlfxoduo| dwwudfwlyh
wr wklv qhwzrun, dqg zhevlwhv +vlqfh whuplqdwlqj wud!f rq wkh ulydo edfnerqh lv
fkhdshu iru edfnerqh ,1 Wklv uhdvrqlqj krzhyhu idlov wr dffrxqw iru rssruwxqlw|
frvwv1 Iru h{dpsoh/ li qhwzrun 4 pdnhv pxfk prqh| zkhq lwv frqvxphuv grzqordg
iurp qhwzrun 5*v zhevlwhv/ iru wkh vdph uhdvrq qhwzrun 5 qgv lw frvwo| wr ohdyh
frqvxphuv wr qhwzrun 41
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D vhfrqg revhuydwlrq lv wkdw edfnerqh  kdv dq lqfhqwlyh wr irfxv rq rqh
vlgh ri wkh pdunhw vr dv wr jhqhudwh r0qhw wud!f/ zkhuhdv edfnerqh 2 kdv dq
lqfhqwlyh wr eh suhvhqw rq erwk pdunhwv vr dv wr dyrlg r0qhw wud!f1 Wr vhh wklv/
qrwh wkdw edfnerqh l*v surw fdq eh zulwwhq dv
l ' lm Esl n sl  f n lm dsl  Efw  dlo n ml dsl  Efr n dmo
' l dsl  Efw  dlo n l dsl  Efr n dmo n ll Edm  dl > +8,
li doo srwhqwldo hqg0xvhuv duh frqqhfwhg1
Edfnerqh 2*v jdlq iurp d vlpxowdqhrxv lqfuhdvh lq erwk 2 dqg 2 h{fhhgv
wkh vxp ri wkh jdlqv rewdlqhg e| lqfuhdvlqj 2 ru 2 dorqh1 Vlploduo|/ edfnerqh
 jdlqv pruh zkhq lw vlpxowdqhrxvo| lqfuhdvhv lwv pdunhw vkduh rq rqh vlgh dqg
uhgxfhv lwv pdunhw vkduh rq wkh rwkhu1 Dv d uhvxow ri wkhvh frq lfwlqj lqwhuhvwv/
wkhuh lv qr htxloleulxp lq sxuh vwudwhjlhv=
Sursrvlwlrq : Li wkh edfnerqhv fkdujh dv|pphwulf dffhvv fkdujhv/ wkhq wkhuh lv
qr sxuh vwudwhj| htxloleulxp1
Surri1 Vhh Dsshqgl{1
Wklv lqh{lvwhqfh sureohp vwhpv iurp wkh idfw wkdw/ dv mxvw qrwhg/ dv|pphw0
ulf dffhvv fkdujhv pdnh wkh surwv qrq0frqfdyh157 Wklv qrq0frqfdylw| sureohp
lv vrphzkdw urexvw1 Vxssrvh iru h{dpsoh wkdw wkh edfnerqhv duh krul}rqwdoo|
glhuhqwldwhg ã od Krwhoolqj rq erwk vhjphqwv/ zlwk glhuhqwldwlrq sdudphwhuv w
dqg w dqg d xqlw ohqjwk rq hdfk vhjphqw1 Wkh surw ixqfwlrqv duh vwloo dv lq ED/

































dqg wkxv surwv duh frqfdyh rqo| li
ww  Ed  d2
2 >
57Wklv qrq0frqfdylw|  dqg wkh lvvxh ri wkh h{lvwhqfh ri dq htxloleulxp  lv uhplqlvfhqw ri
wkh dqdo|vlv ri wzr0zd| lqwhufrqqhfwlrq ehwzhhq whohfrp rshudwruv/ dv lq Odrqw0Uh|0Wluroh
+4<<;d,1 Gxh wr wkh plvvlqj sulfh/ krzhyhu/ lq wkdw fdvh wklv sureohp dsshduv hyhq zlwk
v|pphwulf dffhvv fkdujh1
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wkdw lv/ edfnerqhv pxvw eh vx!flhqwo| glhuhqwldwhg +dqg wkxv qrw frpshwlqj
wrr hhfwlyho|, rq erwk vhjphqwv  dqg wkh uhtxluhg ohyho ri glhuhqwldwlrq lv
sursruwlrqdo wr wkh dv|pphwu| lq wkh dffhvv fkdujhv158
Sursrvlwlrq : vhhpv wr fdoo iru uhflsurfdo dffhvv fkdujhv1 Uhflsurflw| krzhyhu
vkrxog eh xqghuvwrrg lq d eurdg vhqvh/ doorzlqj iru whuplqdwlrq frvw glhuhqfhv1
Iru h{dpsoh/ vxssrvh wkdw edfnerqh  kdv d pruh h{shqvlyh vkruwhvw h{lw
srolf|> edfnerqh  wkhq ehduv d odujhu sursruwlrq ri whuplqdwlrq wudqvsruwdwlrq
frvw rq r0qhw wud!f= fw ' f
2




r{,1 Wkhq d +sxuh0vwudwhj|,
htxloleulxp h{lvwv rqo| zkhq edfnerqhv dffrxqw iru wklv frvw dv|pphwu| zkhq
vhwwlqj wkhlu dffhvv fkdujhv/ wkdw lv/ d ' d2n{ +wkh frpshwlwlyh sulfhv duh wkhq
sW ' fw  d ' f
2
w  d2 dqg s
W ' fr n d2 ' f
2
r n d,1 Wkdw lv/ wkh edfnerqh wkdw
nhhsv r0qhw wud!f rq lwv rzq qhwzrun orqjhu ehiruh gholyhulqj lw wr wkh rwkhu
vkrxog eh uhzdughg e| ehlqj fkdujhg d orzhu whuplqdwlrq ihh1
9 Plfursd|phqwv dqg qhxwudolw|
Dq lqfuhdvh lq wkh dffhvv fkdujh udlvhv wkh frvw iru zhevlwhv ri grlqj exvlqhvv1
Zhevlwhv wkhq pd| eh whpswhg wr sdvv wkurxjk wkh lqfuhdvhg wud!f0uhodwhg frvw
wr wkh frqvxphuv zkr uhtxhvw wkh wud!f1 Zlwk vrph h{fhswlrqv/ vxfk wud!f0
edvhg plfursd|phqwv gr qrw |hw h{lvw1 Wkh| uhtxluh sxwwlqj lq sodfh frvwo|
eloolqj dqg hqg0xvhu plfursd|phqw lqirupdwlrq v|vwhpv1
Li zhevlwhv sdvv wkhlu frvw ri wud!f wkurxjk wr wkh frqvxphuv/ wkh frqvxphuv*
qdo ghpdqg grhv qrw ghshqg rq wkh vkduh ri whuplqdwlrq frvw wkdw wkh| sd|
gluhfwo| +wkurxjk wkh sulfh s iru uhfhlylqj wud!f, exw udwkhu rq wkh wrwdo sulfh
ri wkh frppxqlfdwlrq +s n hs,1 Wklv/ lq wxuq vxjjhvwv wkdw wkh zd| lq zklfk wkh
wrwdo frvw lv d sulrul glvwulexwhg ehwzhhq vhqghuv dqg uhfhlyhuv lv luuhohydqw1 Sxw
glhuhqwo|/ wkh dffhvv fkdujh/ zklfk pdlqo| dhfwv krz wkh frvw ri wud!f lv gl0
ylghg ehwzhhq vhqghuv dqg uhfhlyhuv/ pd| kdyh qr lpsdfw rq wkh frqvxphuv* qdo
ghpdqg dqg wkxv rq wud!f yroxph1 Wklv vhfwlrq vkrzv wkdw/ lq pdq| frqwh{wv/
wkh dffhvv fkdujh lv lqghhg qhxwudo/ l1h1/ lw kdv qr lpsdfw rq wud!f dqg h!flhqf|1
Zh frqvlghu irxu looxvwudwlrqv1 Lq wkh uvw vlwxdwlrq/ wkhuh lv shuihfw frp0
shwlwlrq dw erwk wkh edfnerqhv* dqg zhevlwhv* ohyhov/ dqg zhevlwhv fdq fkdujh
58Wkh fkdudfwhul}dwlrq ri dq dffhvv fkdujh htxloleulxp lq sxuh vwudwhjlhv zrxog wkxv eh dfklhy0
deoh zkhq edfnerqhv duh vx!flhqwo| glhuhqwldwhg1
57
frqvxphuv +wkurxjk plfursd|phqwv, iru wkhlu frvw ri wud!f1 Dv d uhvxow/ edfn0
erqhv fkdujh vhqghuv dqg uhfhlyhuv dffruglqj wr wkhlu shufhlyhg rssruwxqlw| frvwv/
dv ehiruh/ exw frqvxphuv hqg xs lqfxuulqj wkh wrwdo frvw ri wud!f uhjdugohvv ri wkh
ohyho ri wkh dffhvv fkdujh1 Wkh qh{w wzr looxvwudwlrqv vkrz wkdw wkh dffhvv fkdujh
uhpdlqv qhxwudo zkhq wkh frqvxphuv kdyh dq hodvwlf ghpdqg iru zhevlwhv* vhuylfhv
dqg zkhq zhevlwhv duh qrw shuihfwo| frpshwlwlyh1 Wkh odvw looxvwudwlrq frqvlghuv
vlwxdwlrqv zkhuh frqvxphuv xvh zhevlwhv wr ex| jrrgv ru vhuylfhv1 Wr wkh h{whqw
wkdw wkh dprxqw ri frppxqlfdwlrqv lv uhodwhg wr wkh yroxph ri wudqvdfwlrqv rq
wkh jrrgv dqg vhuylfhv/ wkh sulfh fkdujhg iru wkrvh jrrgv dqg vhuylfhv fdq sod|
wkh uroh ri plfursd|phqwv1 Lq wkh fdvh ri shuihfw fruuhodwlrq ehwzhhq frppxql0
fdwlrqv dqg wudqvdfwlrqv/ wkh dffhvv fkdujh lv djdlq qhxwudo/ hyhq li edfnerqhv gr
qrw shuihfwo| frpshwh iru zhevlwhv1
 Shuihfw frpshwlwlrq dw wkh edfnerqh dqg zhevlwh ohyhov1
Ohw xv dvvxph wkdw plfursd|phqwv duh ihdvleoh dqg frvwohvv1 Wkh sulflqj eh0
kdylru ri wkh zhevlwhv ghshqgv rq wkh ghjuhh ri frpshwlwlrq ehwzhhq wkhp1 Ohw
xv vwduw zlwk wkh fdvh zkhuh wkhuh duh pxowlsoh lghqwlfdo zhevlwhv ri hdfk w|sh1
Zh rwkhuzlvh dvvxph wkdw wkh lqgxvwu| lv ghvfulehg dv lq Vhfwlrq 5> lq sduwlfxodu
edfnerqhv duh shuihfw frpshwlwruv rq erwk vlghv/ dqg frqvxphuv zdqw wr grzq0
ordg rqh xqlw ri wud!f iurp hdfk w|sh ri zhevlwhv1 Wkh wlplqj jrhv dv iroorzv1
Diwhu djuhhlqj rq dq dffhvv fkdujh/ wkh edfnerqhv vhw sulfhv +sl iru frqvxphuv/ sl
iru zhevlwhv,1 Wkhq/ wkh zhevlwhv vxevfuleh dqg fkrrvh plfursd|phqwv +ghqrwhg
e| v, shu xqlw ri grzqordghg yroxph1 Ilqdoo|/ wkh frqvxphuv vxevfuleh dqg vhohfw
zhevlwhv1
Wkh edfnerqhv* surwv fdq vwloo eh zulwwhq dv=
l ' ldsl  Efw  do n ldsl  Efr n do>
zkhuh dv ehiruh/ iru hdfk fdwhjru| ri hqg xvhu +frqvxphu ru zhevlwh,/ wkh pdunhw
vkduhv rqo| ghshqg rq wkh sulfhv fkdujhg wr wkdw fdwhjru|1 Wklv lv fohdu iru
zhevlwhv zklfk/ e| fkrrvlqj wkh edfnerqh zlwk wkh orzhvw zhevlwh sulfh/ qrw rqo|
plqlpl}h wkh frvw ri wkhlu wud!f/ exw dovr hqkdqfh wkhlu frpshwlwlyh vlwxdwlrq1
Exw wklv lv dovr wuxh iru frqvxphuv= jlyhq wkh plfursd|phqw v fkdujhg e| d
zhevlwh/ wkh| idfh d wrwdo sulfh sl n v li wkh| vxevfuleh wr edfnerqh l> wkh| wkxv
fkrrvh wkh edfnerqh zlwk wkh orzhvw frqvxphu sulfh159 Dv d uhvxow/ r0qhw0frvw
59Zlwk qhwzrun0edvhg sulfh glvfulplqdwlrq/ wkh vxevfulswlrq ghflvlrq ri rqh fdwhjru| dhfwv
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sulflqj vwloo suhydlov=
sl ' fw  d>
dqg
sl ' fr n d=
Ehuwudqg zhevlwhv vhw plfursd|phqwv htxdo wr wkhlu pdujlqdo qhw frvw/ zklfk
frqvlvwv ri wkhlu wud!f frvw/ sl/ ghfuhdvhg e| wkh ydoxh y wkdw wkh| ghulyh iurp
frqvxphuv* ylvlwv1 Dqg vr zhevlwhv orfdwhg rq edfnerqh l fkdujh5:
vl ' sl  y ' fr n d y=
Wklv lpsolhv wkdw frqvxphuv ehdu wkh ixoo frvw ri zhe wud!f qhw ri wkh zhevlwh*v
vxusoxv/ dqg wkdw wkh dffhvv fkdujh lv qhxwudo dv uhjdugv wkh wrwdo sulfh sdlg e|
frqvxphuv=5; Iru doo l/
sl n vl ' f y=
 Hodvwlf ghpdqg iru zhevlwhv* vhuylfhv1
Wklv qhxwudolw| uhvxow h{whqgv wr wkh fdvh zkhuh frqvxphuv kdyh dq hodvwlf
ghpdqg iru zhevlwhv* vhuylfhv/ ri wkh irup t ' G Esn v1 Lq wkdw fdvh/ hdfk
fdwhjru| ri hqg0xvhu vwloo vhohfwv wkh edfnerqh zlwk wkh orzhvw sulfh iru wkdw
fdwhjru|/ vr wkdw wkh yroxph ri wud!f lv 	G ' G E4? is> s2jn4? is> s2j  y1
Wkxv/ edfnerqhv* surwv fdq vwloo eh zulwwhq dv=
l ' l 	Gdsl  Efw  do n l 	Gdsl  Efr n do> +9,
dqg wkh vwdqgdug Ehuwudqg dujxphqw vwloo dssolhv wr erwk fdwhjrulhv ri hqg xvhuv/
vr wkdw djdlq/ s ' fw  d dqg s ' fr n d1 Khqfh/ wkh yroxph ri wud!f lv h!flhqw=
lw lv jlyhq e|
G Esn s y ' G Ef y >
wkh sulfh sdlg e| wkh rwkhu fdwhjru|> lq sduwlfxodu/ zhevlwhv zrxog fduh derxw frqvxphuv*
vxevfulswlrq ghflvlrqv/ vlqfh lw zrxog dhfw wkhlu frpshwlwlyh vlwxdwlrq1 Glhuhqw wlplqjv zlwk
uhvshfw wr vxevfulswlrq ghflvlrqv pd| wkhq ohdg wr glhuhqw frruglqdwlrq sdwwhuqv1
5:Vlqfh zhevlwhv sdvv wkhlu wud!f frvw wkurxjk wr frqvxphuv/ zh qhhg qrw pdnh dq| dvvxps0
wlrq rq f3 . d dqg y1 Dv d uhvxow/ vl fdq eh hlwkhu srvlwlyh ru qhjdwlyh/ ghshqglqj rq wkh ydoxh
ri wkh dffhvv fkdujh d1
5;D vlplodu uhvxow fdq eh irxqg lq Urfkhw0Wluroh +5333, dqg Jdqv0Nlqj +5334, iru wkh fuhglw
fdug lqgxvwu|1 Wkh| surylgh frqglwlrqv xqghu zklfk wkh uhprydo ri wkh qr0glvfulplqdwlrq uxoh
+wkh uxoh iruflqj ru lqgxflqj phufkdqwv +ghshqglqj rq wkh frxqwu|, wr fkdujh wkh vdph sulfh
iru fdvk dqg fdug sd|phqwv, ohdgv wr d qhxwudolw| ri wkh lqwhufkdqjh ihh1
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dqg lv wkxv lqghshqghqw ri wkh dffhvv fkdujh1
 Lpshuihfw frpshwlwlrq dprqj zhevlwhv1
Wkh qhxwudolw| uhvxow uhpdlqv ydolg hyhq zkhq zhevlwhv kdyh pdunhw srzhu1
Vxssrvh iru h{dpsoh/ wkdw wkhuh lv rqo| rqh zhevlwh ri hdfk w|sh/ wkhuhiruh
hqmr|lqj d prqrsro| srvlwlrq iru wklv w|sh1 Iru qrwdwlrqdo vlpsolflw|/ vxssrvh
dovr wkdw y ' f> wkdw lv/ wkh zhevlwh grhv qrw ghulyh dq| gluhfw uhsxwdwlrqdo ru
frpphufldo ehqhw iurp wkh ylvlw1 Dv ehiruh/ hdfk fdwhjru| ri hqg0xvhu vhohfwv
wkh orzhvw sulfh rhuhg wr wkdw fdwhjru|/ vr wkdw wkh uhohydqw sulfhv duh s '
4? is> s2j dqg s ' 4? is> s2j,1 Jlyhq wkrvh sulfhv/ hdfk zhevlwh zloo fkrrvh
v vr dv wr pd{lpl}h lwv surw/ jlyhq e|
Ev sG Esn v =
Wklv dprxqwv wr fkrrvlqj d frqvxphu sulfh 	v ' snv wkdw pd{lpl}hv E	v s hsG E	v
dqg wkxv ohdgv wr
v ' vP Esn s s>
zkhuh
vP E{ ' @h}4@ 
v
Ev {G Ev >






Wkhuhiruh/ edfnerqhv* surwv duh vwloo jlyhq e| ES/ zlwk 	G qrz jlyhq e| E.1
Dv d uhvxow/ Ehuwudqg frpshwlwlrq ehwzhhq wkh wzr edfnerqhv ohdgv djdlq wr r0
qhw0frvw sulflqj/ sl ' fw  d dqg sl ' fr n d> wkh yroxph ri wud!f dqg hdfk










uhvshfwlyho|/ dqg duh wkxv lqghshqghqw ri wkh dffhvv fkdujh1 Lq dgglwlrq/ ehfdxvh
ri wkh zhevlwhv* pdunhw srzhu frqvxphuv sd| pruh wkdq wkh frvw ri wkh zhe
wud!f/ exw wkh sulfh wkdw wkh| idfh lv qrw dhfwhg e| wkh dffhvv fkdujh1
 Zhevlwhv vhoolqj jrrgv dqg vhuylfhv1
Wklv vhw0xs lv dovr uhohydqw zkhq wkhuh lv d wudqvdfwlrq dvvrfldwhg zlwk wkh
frqvxphu ylvlwlqj wkh vlwh +h1j1/ Dpd}rq1frp vhoolqj errnv wkurxjk lwv zhevlwhv,1
Li wkhuh lv shuihfw fruuhodwlrq ehwzhhq wkh edqgzlgwk xvdjh dqg wkh vl}h ri wkh
5:
wudqvdfwlrq/ wkh sulfh ri wkh wudqvdfwlrq fdq sod| d uroh vlplodu wr wkh plfursd|0
phqw v1 Ehorz zh frqvlghu wkh fdvh zkhuh frqvxphuv ex| d frpprglw| dw xqlw
sulfh S diwhu kdylqj eurzvhg wkh zhevlwh1 Ex|lqj iurp wkh zhevlwh lqyroyhv wzr
w|shv ri frppxqlfdwlrq frvwv= d vhdufk frvw +eurzvlqj/ olvwhqlqj wr vdpsohv ri
pxvlf/ hwf1,/ zklfk zhevlwhv xvxdoo| gr qrw fkdujh wr frqvxphuv/ dqg grzqordglqj
frvwv/ zklfk zhevlwhv fdq uhfryhu wkurxjk wkh sulfh S ri wkh frpprglw|1 Zh zloo
irfxv khuh rq wkh odwwhu frvw dqg dvvxph wkdw grzqordglqj uhtxluhv edqgzlgwk
xvdjh t1 Dffruglqjo|/ wkh ghpdqg ixqfwlrq iru wkh frpprglw| lv G ES n st1
Ghqrwlqj e| F wkh xqlw frvw ri surgxfwlrq ri wkh frpprglw|/ wkh zhevlwhv*
surw lv jlyhq e|=
dS  F  stoG ES n st '
k







zkhuh 	S ' S n st1 Iurp wklv h{suhvvlrq zh vhh wkdw wkh rswlpdo sulfh 	S dqg
frqvhtxhqwo| wkh ghpdqg iru wkh frpprglw| dqg wkxv wkh grzqordglqj wud!f gh0
shqgv rqo| rq wkh wrwdo sulfh sns1 Zlwk shuihfw frpshwlwlrq ehwzhhq edfnerqhv/
wklv wrwdo sulfh htxdov f dqg wkhuhiruh wkh htxloleulxp wud!f lv lqghshqghqw ri
wkh dffhvv fkdujh1 Zlwk lpshuihfw frpshwlwlrq ri wkh w|sh prghohg lq Vhfwlrq
8/ wklv wrwdo sulfh lv kljkhu wkdq f exw uhpdlqv lqghshqghqw ri wkh dffhvv fkdujh/
dqg vr lv wkh htxloleulxp wud!f1
: Vxpplqj xs
Zh kdyh ghyhorshg d iudphzrun iru Lqwhuqhw edfnerqh frpshwlwlrq/ zklfk kdv
doorzhg xv wr dqdo|}h wkh lpsdfw ri dffhvv fkdujhv rq edfnerqhv* frpshwlwlyh
vwudwhjlhv1 Dv zh kdyh vhhq/ lq d eurdg udqjh ri hqylurqphqwv wkh rshudwruv vhw
sulfhv iru wkhlu fxvwrphuv dv li wkh fxvwrphuv* wud!f zhuh hqwluho| r0qhw1 Wklv
frphv iurp wkh idfw wkdw wkh rssruwxqlw| frvw ri vwhdolqj wud!f dzd| iurp ulydo
rshudwruv lv lqghhg htxdo wr wkh r0qhw0frvw ri wud!f1 Lq dgglwlrq/ wkh rssruwxqlw|
frvw ri fuhdwlqj rxwjrlqj +uhvs1 lqfrplqj, wud!f lv djdlq htxdo wr wkh r0qhw0frvw
ri wkdw wud!f/ surylghg wkdw wkh sulfh iru uhfhlylqj +uhvs1/ vhqglqj, wud!f lwvhoi
uh hfwv lwv rzq r0qhw0frvw1
Jlyhq wklv r0qhw0frvw sulflqj sulqflsoh/ lq wkh devhqfh ri gluhfw sd|phqwv
ehwzhhq zhevlwhv dqg frqvxphuv wkh dffhvv fkdujh ghwhuplqhv wkh doorfdwlrq ri
frppxqlfdwlrq frvwv ehwzhhq vhqghuv +pdlqo| zhevlwhv, dqg uhfhlyhuv +pdlqo|
5;
frqvxphuv, dqg wkxv dhfwv wkh ohyho ri wud!f1 Wkh vrfldoo| rswlpdo dffhvv fkdujh
wdnhv lqwr dffrxqw wkh ghpdqg hodvwlflwlhv rq wkh wzr vhjphqwv/ exw dovr wkh pdj0
qlwxgh ri wkh h{whuqdolw| wkdw hdfk vhjphqw jhqhudwhv rq wkh rwkhu vhjphqw1 Vlqfh
shuihfwo| frpshwlwlyh edfnerqhv duh lqglhuhqw wr wkh ohyho ri wkh dffhvv fkdujh/
wkh| zrxog qrw remhfw wr d uhjxodwlrq ri wklv dffhvv fkdujh1 Lq frqwudvw/ li wkh|
kdyh pdunhw srzhu edfnerqh rshudwruv* lqwhuhvwv duh lq jhqhudo qr orqjhu doljqhg
zlwk vrfldo zhoiduh/ dowkrxjk dvvhvvlqj wkh eldv lq wkhlu lghdo dffhvv fkdujh uh0
txluhv ghwdlohg nqrzohgjh qrw rqo| ri wkh hodvwlflwlhv ri ghpdqg dqg h{whuqdolwlhv/
exw dovr ri wkh rshudwruv* uhodwlyh pdunhw srzhu ylv0ã0ylv zhevlwhv dqg frqvxphuv1
Ilqdoo|/ zkhq zhevlwhv fkdujh plfursd|phqwv/ ru zkhq zhevlwhv vhoo jrrgv dqg
vhuylfhv/ wkh lpsdfw ri wkh dffhvv fkdujh rq zhoiduh lv uhgxfhg dqg lv hyhq qhxwudo
li zhevlwhv fdq shuihfwo| sdvv0wkurxjk wkh frvw ri wud!f wr wkhlu frqvxphuv1
5<
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Dsshqgl{= Surri ri Sursrvlwlrq :
Lq dq| Ehuwudqg htxloleulxp/ wkh wzr edfnerqhv pxvw fkdujh wkh vdph sulfhv
+rwkhuzlvh/ wkh edfnerqh fkdujlqj wkh orzhu sulfh frxog surwdeo| udlvh wkdw
sulfh,=
s ' s2 ' s>
s ' s2 ' s=
Ixuwkhupruh/ vlqfh lw frxog dwwudfw doo hqg xvhuv e| voljkwo| xqghufxwwlqj erwk s
dqg s/ edfnerqh 2 pxvw jhw dw ohdvw
2  sn s f=
Vlploduo|/ vlqfh edfnerqh  fdq ghflgh wr dwwudfw doo frqvxphuv ru doo zhevlwhv/ lw
pxvw jhw dw ohdvw
  4@ is Efw  d > s Efr n d2j =
Krzhyhu/ wkh wzr edfnerqhv* mrlqw surwv fdqqrw h{fhhg sn s f1 Khqfh=
sn s f  sn s fn4@ is Efw  d > s Efr n d2j >
zklfk lpsolhv
s  fw  d>
s  fr n d2=
Edfnerqh *v surw wkxv vdwlvhv
 '  ds Efw  do n  ds Efr n d2o  Ed  d2
  Ed  d2 >
dqg fdq eh qrq0qhjdwlyh rqo| li  ' f/ wkdw lv/ li edfnerqh 2 dwwudfwv doo hqg
xvhuv rq dw ohdvw rqh vlgh ri wkh pdunhw1 Edfnerqh 2*v surw vlploduo| vdwlvhv
2 ' 2 ds Efw  d2o n 2 ds Efr n do n 22 Ed  d2
 E22  2  2 Ed  d2 >
dqg lv wkxv qrq0qhjdwlyh rqo| li 2 ' 2 ' f/ d frqwudglfwlrq1
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